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ABSTRACT 
The language-based analogical reasoning abilities of Deaf children are a controversial 
topic. Researchers lack agreement about whether Deaf children possess the ability to 
reason using language-based analogies, or whether this ability is limited by a lack of 
access to vocabulary, both written and signed. This dissertation examines factors that 
scaffold the development of language-based analogical reasoning through signed 
language. First it examines how background factors, such as age, race/ethnicity, or 
additional disabilities can affect the development of language-based analogical reasoning. 
Second, it looks at how different kinds of American Sign Language (ASL) vocabulary 
support the development of language-based analogical reasoning. Five-hundred and fifty-
six Deaf children were given five tasks from the ASL Assessment Instrument; one 
analogies task and four vocabulary tasks: an antonyms task, a synonyms task, a 
definitions task, and a contextual-based vocabulary task. The data showed that 
background traits can and do affect how well Deaf children reason using language-based 
analogies. The most important predictor of performance on the analogies task was ASL 
vocabulary knowledge, although other factors such as age, race/ethnicity, and additional 
  viii 
disabilities can impact task performance. The data also showed that ASL vocabulary 
knowledge that promotes metalinguistic thinking is the best predictor of language-based 
analogical reasoning abilities. Potential applications to the classroom and to teacher 
training are also discussed. 
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Chapter 1: Introduction 
 
The purpose of this dissertation is to examine the effects that the language deprivation 
experienced by many Deaf children has on the development of a higher-order cognitive 
skill: language-based analogical reasoning. The term language-based analogical 
reasoning is used to distinguish the classical analogical sentences used in this dissertation 
from purportedly non-verbal analogies such as Raven’s Progressive Matrices (Raven, 
1989), which may be language-based as well (Baldo, Bunge, Wilson, & Dronkers, 2010; 
Baldo, Dronkers, et al., 2005).  
 
Researchers (e.g. Goswami, 1991; Richland & Burchinal, 2013) argue that vocabulary 
knowledge is essential for successfully navigating a language-based analogical sentence. 
Recognizing the relationships between the analogs, or the building blocks of the 
analogical sentence, requires concept knowledge. Concept knowledge manifests as 
vocabulary (Anderson & Freebody, 1985). Goswami (1991) argued that language-based 
tests of analogies are essentially vocabulary tests. These types of vocabulary tests require 
the additional ability of determining how the words are related to each other. Specific 
types of vocabulary rather than general vocabulary may be necessary to facilitate what 
Gentner, Simms, and Flusberg (2009) call the relational shift or the development of 
children’s abilities to reason through relationships rather than through object attributes 
(e.g. color, size). Furthermore, evidence exists that mental state vocabulary may 
contribute to the development of theory of mind (Pyers & Senghas, 2009), a higher-order 
cognitive skill.   
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Deaf children are usually born into hearing families, many of who are unable to provide 
accessible language to enable incidental language learning. Incidental language learning 
is crucial for, among other things, vocabulary learning (Convertino, Borgna, Marschark, 
& Durkin, 2014). Deaf children who have access to a natural language at birth parallel 
the development of their hearing peers (Corina & Singleton, 2009). Most Deaf children, 
because they are born to parents who do not provide accessible or high-level language, 
struggle in their educational careers for a variety of reasons. Part of the reason Deaf 
children struggle in school is that their reasoning abilities may be affected by not being 
exposed to sufficiently complex language models. Existing literature on how language 
deprivation affects the cognitive abilities of Deaf children is largely negative (Marschark, 
Convertino, McEvoy, & Masteller, 2004; Marschark & Knoors, 2012), much like other 
domains, including research on Deaf children in the classroom, the psychological health 
of the Deaf, and many others. The sample population, which consists mostly of Deaf 
children of hearing parents, generally have not had full access to language, especially 
during periods of development critical for language acquisition (Mayberry, Chen, 
Witcher, & Klein, 2011; Mayberry & Eichen, 1991; Mayberry & Lock, 2003). 
 
Purpose of Study 
The purpose of this study is to examine the effects of American Sign Language (ASL) 
knowledge on the development of language-based reasoning skills in Deaf children. ASL 
vocabulary and specific types of ASL vocabulary will be used as measures of ASL 
knowledge. Vocabulary knowledge was chosen as the measure of ASL knowledge 
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because vocabulary knowledge represents concept knowledge. This should translate into 
a better ability to identify the target relationship in an analogical sentence, and map that 
onto a target response.  
 
Research Questions 
1. What factors contribute to the development of language-based analogical 
reasoning in Deaf children? Does language-based analogical reasoning in Deaf 
children improve with age?  In particular, is there a difference in the development 
of language-based analogical reasoning among native ASL users and non-native 
ASL users? 
2. How do different categories of ASL vocabulary knowledge contribute to different 
types of ASL-based language analogies? 
 
Research on Deaf children often focuses on the educational consequences of language 
deprivation. The average Deaf person graduates high school with a fourth grade reading 
comprehension, and an additional 20% of the population of Deaf adults have been found 
to read only at the second grade level (Luckner & Handley, 2008). Deaf children are 
reported to also have challenges with computation and problem-solving when faced with 
English word problems (Hyde, Zevenbergen, & Power, 2003; Pagliaro & Ansell, 2012; 
Pagliaro & Kritzer, 2010), story-problems (Pagliaro & Ansell, 2002), and fractions 
(Titus, 1995).  Pagliaro (1998) implicitly suggested that the American deaf education 
system may be responsible for many of the educational challenges Deaf children 
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experience. This assertion could be correct; however, the failings of Deaf education are 
systemic and beyond the scope of this dissertation. Nevertheless, a central fact is that 
many Deaf children do not have full access to a language at birth because of an inability 
to fully access the spoken language of their parents. Signed language has been found to 
provide more language accessibility for many Deaf children (Humphries, 2013; 
Humphries, Kushalnagar, Mathur, Napoli, Padden, & Rathmann, 2014; Humphries, 
Kushalnagar, Mathur, Napoli, Padden, Pollard, et al., 2014; Mellon et al., 2015). 
However, many parents of Deaf children choose not to use a signed language as a first 
option for language access (Mitchell & Karchmer, 2005). 
 
Mitchell and Karchmer (2005) reported that almost 75% of hearing parents of Deaf 
children do not sign regularly at home with their children.  Ninety-seven percent of Deaf 
children of Deaf parents, on the other hand, generally have access to a full language 
through American Sign Language (ASL).  Given the data from Mitchell and Karchmer, 
we can conclude that if 95% of all Deaf children are born to hearing parents, then the 
majority of Deaf children do not have full access to a language at home.   
 
The idea of “full language access” is a contentious term in the education of the Deaf and 
those who advocate for it. For the purposes of this document, “full language access” is 
defined as a language environment that allows Deaf children to learn language 
naturalistically in the course of everyday activities that involve social interaction. 
Advocates of medical models of Deafness believe that hearing augmentation devices, like 
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cochlear implants, are key for ensuring “full language access” (Humphries, Kushalnagar, 
Mathur, Napoli, Padden, & Rathmann, 2014). Nevertheless, evidence is mounting that 
even intensive oral/aural therapy may be insufficient for providing language access in 
Deaf children and preventing the long-term consequences of delayed language input 
(Convertino et al., 2014; Edwards, Figueras, Mellanby, & Langdon, 2011). Humphries et 
al. (2014) point out, in line with the cultural perspective of Deaf people, that signed 
language is the best way to provide access to a full language for Deaf children. Relying 
on hearing augmentation is, at this time, unreliable. Under this view, sign language is the 
only effective way to provide full access to language for Deaf children.  
 
If Deaf children aren’t receiving full access to a language at home, then the likely place 
for them to be exposed to a language is at school.  The chance of a Deaf child receiving 
full access to language at schools and programs for the Deaf, however, is still small.  
Mitchell and Karchmer (2005) wrote that almost half of the Deaf children of hearing 
parents were in speech-only programs. The other half were in speech programs that are 
supported by some signing while speaking (e.g. Signing Exact English/Total 
Communication).  Only 6% are reported to be in signing-only (bilingual-bicultural) 
programs.  For Deaf children of Deaf parents, 36% were in signing-only programs, and 
60% were enrolled in speech programs with some sign support.  
 
The lack of adequate language models creates a division in the community between Deaf 
children who are fluent in a language, and Deaf children who are not fluent in a language.  
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Gee and Goodhart (1985) called these “the linguistic haves,” Deaf children of Deaf 
parents, and “the linguistic have-nots,” Deaf children of hearing parents.  To have good 
language environments, Deaf children need early exposure, lots of input, and fluent 
models. The input spectrum, however, is not as parsimonious as described by Gee and 
Goodheart.  Not all Deaf children of Deaf parents use ASL at home. Not all Deaf children 
of hearing parents use only speech with their Deaf children. The Deaf children of Deaf 
parents and Deaf children of hearing parents labels do provide a good general overview 
of language input within the children of the Deaf community. But, they must be 
cautiously generalized; the general language gap between Deaf children of Deaf parents 
and Deaf children of hearing parents is a continuing struggle that researchers and 
educators are attempting to explain (Fish & Morford, 2012). Nevertheless, there is 
growing evidence that Deaf children of hearing parents who are exposed to a signed 
language at a younger age and who experience environments where ASL is used fluently 
can approximate the sign language abilities of Deaf children of Deaf parents (Henner, 
Hoffmeister, Fish, Rosenburg, & Didonna, 2015). Henner et al. examined the results of 
four different ASL vocabulary subtasks from the American Sign Language Assessment 
Instrument, one ASL syntax subtask from that same battery (Hoffmeister et al., 2014), 
and three different English literacy tests, the Stanford Achievement Test of Reading 
Comprehension, the Stanford Achievement Test of Reading Vocabulary, and the 
Measures of Academic Progress Reading Test. The authors found significant, moderate 
to strong correlations between the performance on the ASL vocabulary and syntax tasks 
and scores on the English literacy tests, a finding consistent with other studies showing 
  
7
that early ASL exposure is associated with better English literacy performance 
(Ausbrooks & Gentry, 2014; Chamberlain & Mayberry, 2008; Mayberry, Lock, & 
Kazmi, 2002). A multiple regression run by Henner et al. (2015) showed that the longer 
Deaf children of hearing parents spent in schools for the Deaf, which represent strong 
ASL environments, the better they performed on the ASL vocabulary and syntax 
subtasks, and the English literacy tests.  This study crucially demonstrated the importance 
of language-rich environments for compensating for impoverished at-home language 
environments.  
 
In sum, the challenges Deaf children face in learning content and information are likely 
to be a result of restricted access to a language; a consequence of impoverished language 
modeling. Impoverished language modeling may further correlate with the development 
of the higher-order cognitive abilities, such as analogical reasoning.  
 
Theoretical Framework 
Analogical reasoning is a way of reasoning about relationships and using what is learned 
to gain new information from novel situations (Gentner & Colhoun, 2008). Gentner 
(2003) argued that analogical reasoning is key to learning because it allows people to use 
previous experiences to make sense of new experiences. Analogical reasoning also helps 
to examine the environment for relationships, and to use their understanding of these 
relationships to determine how objects and ideas in the environment interact with each 
other. In this way, analogical reasoning allows for self-teaching and referencing. 
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Essentially, basic analogical reasoning abilities are necessary for language learning 
(Gentner & Namy, 2006). They are useful for understanding the phonological elements of 
words while reading (Goswami & East, 2000). Analogies can also be helpful for learning 
mathematics, especially geometric and numerical mathematics, and proportional concepts 
(Singer-Freeman & Goswami, 2001).   
 
Theorists disagree on whether analogical reasoning is age-related (Gentner, 1977; 
Levinson & Carpenter, 1974), however, other cognitive abilities such as vocabulary 
knowledge appear to be necessary for success on tasks of language-based analogies 
(Goswami, 1991). In fact, 3-year-olds with larger vocabulary scores compared to their 
peers show stronger language-based analogical reasoning skills when they become 
adolescents (Richland & Burchinal, 2013).  
 
Two theories attempt to explain why vocabulary knowledge is crucial for performing 
well on language-based analogical reasoning tasks: a) the instrumentalist hypothesis, and 
b) the vocabulary knowledge hypothesis (Anderson & Freebody, 1985). The distinction 
between the two is essentially one of vocabulary breadth versus vocabulary depth. The 
instrumentalist hypothesis posits that those who typically score well on vocabulary tests 
have large vocabularies. The vocabulary knowledge hypothesis assumes that those who 
do well on vocabulary tests have a deep knowledge of vocabulary, in that they understand 
the manifold meanings of various terms, and understand that meaning may change within 
the context of language use.  These hypotheses were initially developed to explain 
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performance on vocabulary assessment. But, they may also apply to language-based tests 
of analogies, which may simply be another, more complex type of vocabulary knowledge 
assessment (Goswami, 1991).   
 
Many Deaf children, because of impoverished language input, have a diminished 
vocabulary in English and in ASL (Novogrodsky, Fish, & Hoffmeister, 2014; Walter, 
1978).  Since vocabulary knowledge may be necessary for developing language-based 
analogical reasoning skills, diminished English and ASL vocabulary knowledge may be 
devastating for the development of language-based reasoning.   
 
Deaf children present an ideal population for studying the relationship between general 
vocabulary development and analogical reasoning. Examining Deaf children’s language 
capabilities can help explain and provide further evidence of the precise role of 
vocabulary knowledge in the development of analogical reasoning. There has been 
considerable debate about the abilities of Deaf children to reason analogically on tasks of 
non-verbal analogies (Furth, 1965, 1971; Mullen, 1989; Oleron, 1950). Currently, the 
general consensus is that with a fully accessible language, Deaf children can reason on 
non-verbal tasks just as well as hearing children. Hearing children and hearing 
adolescents continue to outperform their Deaf peers on written tests of English language 
analogies (Edwards et al., 2011; Marschark et al., 2004; Sharpe, 1985). But, in a task of 
language analogies administered in Polish Sign Language (PJM), Deaf native signers 
performed at the same level as hearing children given the equivalent task in spoken 
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Polish (Bandurski & Galkowski, 2004). The results indicate that access to signed 
language can facilitate the development of language-based analogical reasoning in Deaf 
children.  In short, access to a signed language levels the playing field between Deaf and 
hearing children.  
 
When considering Deaf children’s abilities with any form of language-based analogies, 
whether provided orally, in print, or through sign language, the following possibilities 
arise: 
a) Deaf children who demonstrate age-level language abilities are able to reason at age-
appropriate levels using language-based analogies. 
b) The analogies tasks themselves are a barrier to success because the language 
mismatch in delivery protocols creates a language accessibility barrier (i.e. when 
Deaf children are given the analogies task using a spoken language only, or they are 
given a print task). 
c) Due to differences in educational instruction, Deaf children have not had enough 
exposure to the concept of assessing cognitive skills through a classical analogical 
sentence (e.g. A : B :: C : D). 
 
The theoretical framework predicts that all of the options are correct. Deaf children, 
when given an accessible task in signed language, will be able to succeed on tasks of 
language-based analogies; that is, they will be able to understand task instructions. They 
will actually be able to understand the analogical sentence.  Those who have grown up 
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with full access to a language will perform better on that same task than those who do 
not have full access to a language.    
 
Significance 
The research presented in this dissertation is significant because the predictions are 
contrary to some literature (e.g. Marschark, 2003; Marschark, Convertino, McEvoy, & 
Masteller, 2004; Marschark & Knoors, 2012). Deaf children with adequate exposure to 
ASL, who have built up a vocabulary foundation through ASL, can reason using 
language-based analogies. Second, this research will demonstrate that Deaf children with 
different kinds of backgrounds, disabilities, and experiences will have different language-
based reasoning skills. Third, this research will identify whether different categories of 
ASL vocabulary, either simple (extent) or complex (depth), promote the development of 
different kinds of language-based analogies.  
 
Organization of this Dissertation 
In this dissertation, Chapter 1 provides the theoretical foundation and introduced the topic 
at hand. Chapter 2 examines the literature that grounds this dissertation, specifically what 
previous researchers have said about the analogical reasoning abilities of Deaf children, 
and the relationship between vocabulary knowledge and relational reasoning skills. 
Chapter 3 discusses the methodology that was used to acquire the data, including the 
American Sign Language Assessment Instrument, its vocabulary tasks, and the Analogies 
subtask. Chapter 4 presents the results of the analyses for research questions 1 and 2. 
  
12
Chapter 5 provides the discussions based on the results in Chapter 4. Chapter 6 concludes 
the dissertation and provides avenues for future research. 
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Chapter 2: Review of the Literature 
Extensive research exists on how Deaf children reason on non-language-based analogies 
(see Furth, 1971 for a meta-analysis, and also Mullen, 1989; Pael, Skinner, & Reddig, 
1988; Phelps & Branyan, 1990; Streff, Barefoot, Walter, & Crandall, 1978; Watson, 
Goldgar, Kroese, & Lotz, 1986). In contrast, researchers have rarely examined how Deaf 
children’s relational reasoning abilities develop depending on their early exposure to 
language.  This review will explore: a) demographics of Deaf children; b) what is 
American Sign Language; c) a model of language-based analogical thinking processes, 
and its applicability as a theoretical foundation for how Deaf children reason through an 
analogical sentence; d) what is known about the development of analogical reasoning in 
typically developing hearing children; and e) what is known about the possible impact of 
language deprivation and inadequate language quality in Deaf education classrooms on 
analogical reasoning abilities for the Deaf. 
 
Demographics of Deaf Children 
This dissertation focuses on a sample population of Deaf children. However, because the 
analysis looks at a wide variety of Deaf children rather than considering the Deaf as a 
homogenous population, this section will attempt to describe in some detail the kinds of 
Deaf people involved in this study. 
 
Deafness is considered a low-incidence happenstance. Put succinctly, very few people are 
deaf before old age. People are generally identified as having a “hearing loss” if there is a 
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deviation greater than 20dB1 on an audiological test. Hearing loss is further defined by 
the following ranges: mild (20–40 dB), moderate (41–55dB) moderately severe (56–
70dB), severe (71–90dB) and profound (90dB +) (Smith, Bale, & White, 2005). Walch, 
Anderhuber, Köle, and Berghold (2000) write that one to two children per thousand have 
at least a moderate hearing loss. In the United Kingdom, the number of children 
diagnosed as Deaf by age 5 is approximately .04% of the population (Davis, Fortnum, & 
O’Donoghue, 1995). In the United States, estimates of Deaf children range from 1.3 per 
1,000 children to 5 per 1,000 children, or less than 1.8% of the population (CDC, 2015). 
Of this population, more than 90% are born to hearing parents (Mitchell & Karchmer, 
2005), and 70–80% of all hearing loss is considered “at-birth” (Walch et al., 2000). 
 
Race/Ethnicity in Deaf Populations 
Limited data exists on the race/ethnicity of Deaf populations in the United States. 
However the Deaf community consists of many different race/ethnic groups (Moores, 
2001). Lane, Pillard, and Hedberg (2011) make the broad argument that Deafness ought 
to be considered a separate ethnic group. Lane et al.’s central argument is that the Deaf 
language and cultural traditions are ancestrally inherited and that very few who become 
Deaf later from disease or trauma make their way into what they call the Deaf-World. 
Lane et al. do not dither about their focal premise; the very small population of Deaf 
people who belong to the Deaf-World, mostly through familial ties. They write: “This  
                                                        
1 Audiological tests are conducted using a pure tone test. Sounds of specific wavelengths are 
transmitted to testees who have to indicate whether or not they hear the sound. dB stands for 
decibels and is used to describe how loud something is. 
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book is about the Deaf signers of ASL, for if any class of deaf people constitutes an 
ethnic group, surely it is the signed language minority.” (p. xvii). While small population 
of the Deaf community can be considered an ethnic group, Lane et al.’s book does not 
discuss in depth race/ethnic tensions in the Deaf community, except to say that some 
members of the Deaf ethnic group may be multi-ethnic. Aramburo (2005), on the other 
hand, points out that some members of minority groups within the Deaf community do 
not see themselves as Deaf first, but rather, Deaf second. Of 60 participants in 
Aramburo’s study, 87% (n= 52) identified themselves as Black before Deaf. People in the 
study felt that Black was a visible variation, whereas Deafness was an invisible one. 
 
Mitchell and Karchmer (2006) suggest that less than 60% of the deaf population is White. 
As of 2004, approximately 40,000 (55%) Deaf students aged 6 to 21 were White. About 
14,000 were Hispanic (19%). Twelve thousand were Black (16%). Fewer than 5,000 
were Pacific Islander (6%) or Native American (3%). Mitchell and Karchmer pointed out 
some flaws with the numbers reported. First, the numbers only come from students who 
are currently enrolled in special education programs. Second, the data does not report on 
gender, degree of hearing loss, etiology, or language use in the home, or even parental 
hearing status. In spite of limited data on the number of Deaf people who are ethnic 
minorities, sociological research suggests that ethnicity has profound impact on how Deaf 
people perceive themselves and construct their identity (Ahmad, Atkin, & Jones, 2002; 
Cohen, Fischgrund, & Redding, 1990; Kimberly, 2002; Myers et al., 2010). The next 
three sections provide brief background on Black, Hispanic, and Asian Deaf people. 
  
16
Little to no research is available on Deaf people who are mixed race or Pacific Islanders. 
Black Deaf Americans 
Of the different ethnic groups in the Deaf community, few have been studied more than 
the Black Deaf community. As early as 1983, researchers were working to determine 
how to best help Black Deaf Americans enjoy the same career success as White Deaf 
Americans (Taft, 1983). The Black Deaf community has its own recognized dialect of 
ASL, Black ASL (Myers et al., 2010). Experiences of Black Deaf Americans parallel the 
intersection of race in the greater non-Deaf community. Black Deaf Americans face more 
academic challenges than their White peers (Kluwin, 1994). Furthermore, in addition to 
deciphering their Deaf identity, they also need to figure out where they stand relative to 
the Black community (Myers et al., 2010). Black, Deaf Americans generally consider 
themselves Black first, and Deaf second (Foster, 2003). 
Hispanic Deaf Americans 
Hispanic Deaf Americans are a rapidly growing ethnic group in the Deaf and overall 
American community (Walker-Vann, 1998). Walker-Vann (1998) points out that 
between 1988 and 1993, Deaf Hispanics at the Texas School for the Deaf (TSD) 
increased from 30 to 37% of the student body population. Hispanic Deaf children, like 
other children from immigrant communities, deal with linguistic isolation from sign 
language as a first language and learning written English as a second language, as well as 
parents who are learning English as a second language. Walker-Vann reported that 58% 
of Hispanic students at TSD, as of 1998, used Spanish as a primary language at home.  
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Asian Deaf Americans 
As a whole, hearing Asian Americans perform far better than other minorities on 
standardized assessments, to the point where they often are labeled the “model minority” 
(Wing, 2007). However, Asians who originally come from Southeast Asia, places like 
Cambodia, and Vietnam, often do not share in the success of their peers who come from 
China or Korea. Like Southeastern Asians, Deaf Asians also struggle academically for a 
variety of reasons, from lack of access to language at home, to immigrant parents who 
don’t understand how to manage deafness, to poor education in the schools (Ahmad et 
al., 2002; Cohen et al., 1990). One of the challenges Deaf Asian Americans face is 
moderating the different societal expectations and world views of their immigrant parents 
with an American culture that is also intolerant of deafness and the Deaf culture (Wu & 
Grant, 1997). 
 
In summary, when analyzing Deaf populations, ethnicity must also be considered in the 
equation. Deaf people from marginalized races may not have the same identity promotion 
and socio-economic resources as White Deaf people. 
 
Deafness and Additional Disabilities 
In addition to ethnicity, another factor that needs to be considered when analyzing data 
from Deaf populations is the impact of additional disabilities. Mitchell & Karchmer 
(2006) point out that up to 45% of Deaf children have some kind of additional disability. 
Moores (as cited in Morgan & Vernon, 1994) wrote that many of the leading post-natal 
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causes of deafness were also leading causes of brain damage. Some studies report even 
higher percentages of Deaf children have additional disabilities: for example, Guardino 
(2008) reports that approximately 55% of Deaf children are more than Deaf. However, 
Guardino writes that additional breakdowns of the type and etiology of additional 
disabilities are not possible with current data collection methodologies.  
 
Analysis in this dissertation focuses on two major populations of Deaf children with 
additional disabilities: 1) Deaf children who have learning disabilities, and 2) Deaf 
children who have autism and other cognitive/emotional disorders. Following is a short 
review of what we know about Deaf people who have those additional challenges. 
 
Deaf People with Learning Disabilities 
Soukup and Feinstein (2007) define a learning disability as a discrepancy between a 
student’s potential, and their actual academic performance, which persists in spite of 
proven interventions. This gap is called the aptitude-achievement discrepancy (Büttner & 
Hasselhorn, 2011) and it is the most common way of diagnosing a learning disability in 
children. For example, a student who scores high on a reading comprehension task may 
not perform well in reading even with continued assistance from the teacher and 
specialists. That student may possess a reading-based learning disability. Büttner and 
Hasselhorn (2011) point out that learning disabilities are the largest single disability 
category that requires special educational services. Over half of all students who are in 
special education have learning disabilities. Learning disabilities are not limited to 
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reading (e.g. developmental dyslexia), although the vast majority of learning disabilities 
are related to reading (Soukup & Feinstein, 2007). Aptitude-achievement discrepancies 
exist also in writing (Büttner & Hasselhorn, 2011) and mathematics (dyscalculia) 
(Watson & Gable, 2013). 
 
The challenge for diagnosing Deaf children with learning disabilities is two-fold. First, 
many of the criteria for diagnosing Deaf children with an aptitude-achievement 
discrepancy can be attributed to language deprivation, inconsistent language exposure, or 
a lack of a quality-teaching environment. For example, if a Deaf child scores well on an 
IQ test, but does not excel academically, would that child have a learning disability? 
Were a psychologist or a behavior specialist to follow the checklist to the letter, then that 
child would be diagnosed with a learning disability. However, “failure to thrive” may be 
related to the level of discourse (usually low) and lack of signed language or accessible 
communication in the classroom. The level of signing ability in professionals working in 
Deaf education and interpreting have historically been low (Pagliaro & Ansell, 2002; 
Schick, Williams, & Bolster, 1999). 
 
The second challenge for diagnosing Deaf children with learning abilities is that the 
diagnosis tools may not be suitable for use with the Deaf. So-called non-verbal IQ tests, 
such as Raven’s Progressive Matrices (Raven, 1989) are commonly used to assess the 
non-verbal IQ of Deaf children under the assumption that the assessments bypass the 
need for high language abilities (Blough, Rittehouse, & Dancer, 1999). However, recent 
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research shows that even Raven’s requires high level language use (Coppola & Henner, 
in prep). Additionally, there are limited standardized assessments which have been 
designed solely for Deaf people (Qi & Mitchell, 2011). Rather, assessors tend to use 
assessments designed for hearing people and attempt to implement accommodations 
which may or may not affect task validity and reliability (Cawthon, Winton, Garberoglio, 
& Gobble, 2011).  
 
Because there are limited assessments for Deaf children that can truly highlight the 
aptitude-achievement discrepancy, teachers of the Deaf have sought other methods for 
determining whether or not a learning disability exists. Soukup and Feinstein (2007) 
examined survey results from 91 teachers of the Deaf to determine how they diagnosed a 
student with a learning disability. The most common ways to diagnose a learning 
disability in Deaf children were to identify visual perception problems (65%), behavioral 
problems (60%), retention difficulties (59%), and consistent attention problems (57%). 
Visual perception problems were not defined in the article. However, the remaining 
problems are also associated with language deprivation (Anderson et al., 2015; 
Cockcroft, Dhana, & Greenop, 2010; Hauser, Dye, Boutla, Green, & Bavelier, 2007; 
Rönnberg et al., 2011; Rudner, Davidsson, & Rönnberg, 2010). Diagnosing and creating 
interventions for Deaf children who may have a learning disability continues to plague 
professionals who support the optimal learning environments and mental health of Deaf 
children. 
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Deaf People with Autism and other Cognitive Challenges 
Jongkees (1983) wrote that the mental states of Deaf persons were quite primitive; Deaf 
children were prone to outbursts and psychological fits because being Deaf in this world 
was damaging. While his framing of Deaf people was indecently wrong, his thinking was 
progressive in a very narrow way. On additional disabilities, he wrote, “What might be 
mistaken for mental aberration or lack of intelligence is in reality rather often the 
consequences of a hearing disorder” (Jongkees, 1983, p. 11). Because language and 
cognitive abilities are so tightly entwined it is very difficult to determine whether or not a 
deaf child has autism or additional cognitive challenges, or if he or she is simply 
language deprived. Szarkowski et al. (2014) wrote that at least one in 59 American Deaf 
children have autism, although, the actual number may be higher. Szarkowski et al. 
acknowledge the difficulty in diagnosing autism and other cognitive challenges in Deaf 
children. Therefore, the diagnosis is one of exclusion rather than inclusion.  
 
Medical Perspectives and Interpreting Results  
From a medical perspective, hearing loss is significant. Walch, Anderhuber, Köle, and 
Berghold (2000) write: 
 
Bilateral hearing loss in children will cause cognitive deficits in the central areas 
which are dependent upon hearing and is therefore responsible for delay in speech 
development, dysgrammatism…poor language skills and disorders in 
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psychological and mental behavior. It will also cause a decrease in the intellectual 
ability and socio-economic position of the child. (p. 32) 
 
The views of Walch et al. can be summed as the “deafness as deficient” model. Of course 
bilateral hearing loss does not cause any of the things that Walch et al. list.  Rather, it is a 
lack of access to language and subsequent language deprivation that causes the laundry 
list of bad things (Mayberry, 1993; Mayberry et al., 2011; Mayberry & Eichen, 1991; 
Mayberry & Lock, 2003; Newport, 1990; Pénicaud et al., 2013). Nevertheless, 
researchers of Deaf education and deaf people continue to frame the challenges 
confronting deaf people as a problem of deafness rather than a problem of language. 
Marschark et al. (2004) argue that the mental structures of deaf people are fundamentally 
different than that of hearing people. Wang and Williams (2014) stress that deaf children 
are just like hearing children, only “slower” in many respects. Medically-focused 
researchers like Fagan, Pisoni, Horn, and Dillon (2007) indicate that deaf people would 
perform better academically and have better quality of life if they were implanted, 
suggesting that success is intrinsically linked to one’s ability to hear. 
 
How researchers frame deafness is crucial for interpreting research results. For example, 
Lederberg and Everhart (1998) examined the interaction of 40 children and their mothers. 
Half of the children (n = 20) were Deaf. They found that hearing mothers of Deaf 
children did not communicate often or effectively with their Deaf children. Rather than 
emphasizing the unique communication needs of Deaf children, Lederberg and Everhart 
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chose a neutral approach and suggested that mothers and children both needed training in 
either a sign language or extensive oral training. A more Deaf-positive framing would 
emphasize the need for signed language and sign language exposure to prevent language 
deprivation. Publications on executive functioning ability in Deaf children demonstrate 
other ways researchers tend to frame results negatively. Conway, Pisoni, and 
Kronenberger (2010) describe how sound is necessary for bootstrapping cognitive 
abilities. They claim because Deaf children lack access to sound, they are not able to 
develop cognitive abilities equivalent to hearing people. Better framing would show that 
it isn’t sound that catalyzes the development of cognitive skills, but language. 
 
More and more research shows that any kind of natural sign language is good for Deaf 
children, even though fluent sign language is better (Henner et al., 2015; Singleton & 
Newport, 2004). There is an underlying trend to de-emphasize sign language simply 
because parents do not want to learn it (Knoors & Marschark, 2012). Nevertheless, Deaf 
people themselves continuously express a desire to have learned sign language at younger 
ages (Mounty, Pucci, & Harmon, 2014). In fact, knowledge of sign language is one of the 
prevailing values of the Deaf community (Lane, Hoffmeister, & Bahan, 1996). 
 
More and more, Deaf people and allies in the research community are choosing to frame 
research results in a positive manner. Bauman and Murray (2014) wrote that Deafness 
should not be seen as a loss. Rather, it is a kind of gain. Being Deaf in the world affords 
one a world perspective not available to hearing people. The term Deaf gain was coined 
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by Bauman and Murray to describe the appropriate way to frame the Deaf experience.  
 
What American Sign Language Is and How It Is Analyzed in this Dissertation 
American Sign Language is the language of the American Deaf community and very 
much the language of Deaf gain (Bauman & Murray, 2014; Lane et al., 1996). It is a 
visual-gestural language that incorporates spatial elements as well as movements of the 
hands, arms, body, and face to convey and receive information. The first person to 
identify the phonological elements of ASL was Stokoe (Stokoe, 1980). Stokoe identified 
three major parameters, or phonological parts of ASL: a) location (TAB), where the hand 
is placed, b) handshape (DEZ), the specific form of the hand, and c) movement (SIG), the 
motion of the hands in space. Signs were constructed using combinations of TAB, DEZ, 
and SIG. Other sign language researchers have provided more thorough models. Liddell 
and Johnson (1989) describe a sequential model of ASL phonology. Perlmutter (1990) 
suggests a syllabic model of ASL that includes variations of moves and holds. Battison 
(1978) expanded the Stokoe model to include palm orientation, resulting in four, not five 
parameters. Baker and Padden (1978) provided an in-depth explanation on the non-
manual components of ASL that was previously lacking in the Stokoe model. Non-
manual components were shown to inflect signs in ASL. 
 
The data in this dissertation are analyzed using an expanded form of the Stokoe 
phonological system. Rather than three parameters, there are five: a) movement, b) 
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location, c) handshape, d) palm orientation, and e) non-manual markers. Minimal pairs2, 
for example, can be made by changing only one of the parameters (e.g. APPLE – ONION 
differs only by location; Figures 1 and 2) (Sandler & Lillo-Martin, 2006). Changing 
parameters can also cause derivational change from a verb class to a noun class (e.g. one 
elongated movement signify a verb class and two short movements signify a noun class) 
(Supalla & Newport, 1978).  
 
 
 
 
 
 
The previous sections discussed the Deaf community, the language of the Deaf 
community, its structure, and the different kinds of Deaf people that are analyzed in this 
dissertation. In the next section, the theoretical model that frames this dissertation will be 
discussed. 
 
Analogical Reasoning 
This dissertation will analyze analogical and linguistic ASL data from deaf participants 
through the lens of the componential model of analogical reasoning (Sternberg, 1977). 
Theoretical models can provide further understanding of the cognitive processes that 
                                                        
2 Minimal pairs are words that differ by a single phoneme. In English, Man/Men would be 
considered a minimal pair.  
Figure 1: APPLE Figure 2: ONION 
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analogical reasoning entails. Models also help pinpoint how impoverished language input 
negatively impacts the reasoning process.    
 
The componential theory of analogical reasoning (Sternberg & Nigro, 1980) maintains 
that up to six separate cognitive processes are used sequentially during analogical 
reasoning.  The four main processes are a) encoding, b) inference, c) mapping, and d) 
application (Sternberg, 1977), and the two follow-up processes are e) justify, and f) 
respond.  For most analogical problems, the four initial steps discussed are sufficient to 
reason through a sentence according to Sternberg (1977). Therefore we will only consider 
those four steps in this dissertation. 
 
Encoding. Upon examining an analogy, one must first encode the analogical sentence.  
For the purpose of this example, the ASL analogy BIRD is to FLY as HORSE is to 
GALLOP will be used. Following the flowchart in Sternberg (1977), the analogs 
(meaning the lexical items from the analogical sentence) are first recognized and loaded 
into working memory. Associated referents (e.g. ANIMAL, RUN, CRAWL) must also be 
retrieved from long-term memory and placed into working memory. Linguistic attributes 
associated with the lexical items and the features (e.g. NOUN, VERB) in their lexicon are 
also placed in working memory.  
 S1 : BIRD : FLY :: HORSE :  X,  
In S1, the person presented with the analogy might note that BIRD is a noun that refers to 
animals that have feathers and beaks.  FLY is a third person singular verb that indicates 
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that something is mobile through the air.  It could also be a noun that represents an insect 
or even a zipper on pants.  Understanding these components is labeled the encoding 
process.  
 
Inferring. To work out the relationship between BIRD and FLY, the commonalities 
between them must be inferred.  It can be inferred that fly, as a noun, isn’t as likely a 
relationship between BIRD and FLY as fly the verb, although it is still possible that the 
analogy could reference a relationship between a small creature with wings and an even 
smaller creature with wings.  To fully understand the analogical relationship in the 
sentence, the third term in the analogical sentence, HORSE, must also be encoded, with 
the implicit understanding that HORSE is a noun, and names a class of objects, HORSE 
is considered a noun instead of a verb when comparing it to the category BIRD.  BIRD in 
its usual sense is not categorized as a verb.   
 
Mapping. Because BIRD is a noun and also names a class of objects, and BIRD and FLY 
are both classified as animate (in that FLY can also be an insect). The inferred 
relationships and attributes from BIRD : FLY can then be mapped onto HORSE to search 
for its possible analogical target.   
 
Application. In the application stage, the target analog is either recalled from long-term 
memory, or if the analogical problem presents possible responses, the target analog is 
selected from the available responses. In the BIRD : FLY :: HORSE analogy, application 
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describes the process of determining the correct motion verb that would fit the analogical 
sentence. If the target analog has to be recalled from memory, the participant would have 
to determine which motion verb that describes fish movement would be best (e.g. 
GALLOP, CANTOR, TROT). The correct answer would be GALLOP and would have to 
be recalled from memory. If GALLOP were one of several possible responses, then the 
participant would have to determine that GALLOP is the best possible answer in the 
assortment given.  
 
The componential model (Sternberg, 1977; Sternberg & Nigro, 1980) is based on a 
structuralist perspective. Structuralist perspectives hold that children become better at 
analogical reasoning as they age. The brain must be mature enough before a child can 
reason analogically. Just as physically maturing during childhood allows children to 
complete more complex physical activities, a maturing brain can handle more complex 
reasoning tasks. For Inhelder and Piaget (1958) the brain was mature enough to reason 
using language-based analogies by the concrete operational stage, which is roughly 
between the ages of 7 and 11.  For Sternberg and Nigro (1980) and Levinson and 
Carpenter (1974), it was at least 9 years old.  According to Gentner (1977), very young 
children can reason analogically, at least about surface level relationships such as color or 
shape. With age, children become better at reasoning about more abstract relationships 
(Gentner & Toupin, 1986). 
 
Goswami (1991) and to some extent, Gentner and Namy (1999) point out that children’s 
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abilities to reason analogically may not depend on “ages and stages.” Their level of 
knowledge about the world and various classifications within it, or domain knowledge, is 
much more important. Domain knowledge hopefully improves as children grow older and 
learn more about the world.  Children who understand the objects, situations, or 
contrasting relationships used in analogies will be more likely to understand the analogy 
and therefore appropriately identify and map the relational attributes of the base 
relationships onto the target.   
 
The following section provides evidence for the role that domain knowledge plays in the 
development of analogical reasoning. In a study of 1,364 children, Richland and 
Burchinal (2012) sought to determine what roles executive functioning and vocabulary 
knowledge play in the development of English language-based analogical reasoning in 
children.  To assess analogical reasoning, Richland and Burchinal used the Verbal 
Analogies subtask of the Woodcock-Johnson Psycho-Educational Battery Revised (WJ-
R).  The verbal analogies are presented orally to the participants less than 15 years old, 
and in written form for participants older than 15.  The analogical form is classical in that 
it used the A : B :: C : D format, where D is the target response, presented to the child 
among different foils. The WJ-R can be used as an open analogies format, in which the 
responses aren’t available to the participant, like in the classical analogies format, but 
Richland and Burchinal provided pictures of the responses for children.  To measure 
vocabulary knowledge, Richland and Burchinal used the WJ-R picture vocabulary 
subtask. Vocabulary knowledge had a significantly moderate (r = .64) correlation with 
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verbal analogies ability in third grade and at 15 years old. Using longitudinal data from 
the Study of Early Child Care and Youth Development Richland and Burchinal found that 
language-based analogies ability in third grade strongly predicted language-based 
analogy success at 15 years of age, indicating that a delay in analogical reasoning 
abilities at an early age can have consequences in reasoning abilities later in adolescence.  
The longitudinal analysis also reinforced the connection between vocabulary knowledge 
and language-based reasoning skills; third graders who had higher vocabulary scores 
were also better at language-based verbal analogical reasoning when they were 15. 
 
The Richland and Burchinal (2012) study indicates how much vocabulary knowledge, or 
concept knowledge, contributes to success in language-based analogies.  But, analogical 
reasoning itself isn’t wholly dependent on age and the vocabulary knowledge that 
underlies it.  Research studies show that children can reason analogically at ages younger 
than 7, provided that the task is appropriately structured and presented correctly 
(Alexander, Willson, White, & Fuqua, 1987).   
 
The above was a short description of how vocabulary knowledge underlies analogical 
reasoning processes. In the following section, the structuralist or age-based point of view, 
which maintains that most children are not able to use analogical reasoning proficiently 
until after a certain age, will be presented.   
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Analogical Reasoning is Dependent on Age 
In Sternberg and Nigro’s (1980) study, the participant population was divided into four 
age groups: a) the third grade, b) the sixth grade, c) the ninth grade, and d) college-aged 
undergraduates.  Each age group had 20 participants. The effects of age, through the 
grade level variable were highly significant. Older children performed significantly better 
on tests of analogical reasoning than younger children.  They found that older children 
used a wider range of reasoning processes when solving analogies, whereas younger 
children try to reason mainly through association.  Reasoning via association, according 
to Sternberg and Nigro, did not provide solutions to all analogical problems. However, 
they did not explain the particulars on why specific reasoning processes may not be 
available to younger children.   
 
Alexander et al. (1987) found that, contrary to the results of Sternberg and Nigro (1980), 
children as young as 4 or 5 years old were able to reason analogically.  Two experiments 
were conducted.  The first experiment was designed to examine whether young children 
could reason analogically using geometric shapes and figure-based analogies within the 
framework of Sternberg's (1977) componential model. It also used the classical analogy 
sentence structure (A : B :: C : D).  Twenty children between the ages of 4 and 5 
participated in the experiment.  Children were shown plastic blocks of different color, 
shape, and size.  Analogical sentences were constructed using the attributes of the blocks 
(e.g. children would choose blocks that were of similar color and shapes, for example, 
blue rectangle is to blue circle, as red rectangle is to…). Sixteen analogical sentences 
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composed the task. The first two were considered practice items and not scored.  
Alexander and colleagues determined that although 5-year-olds scored higher than 4-
year-olds on the task, it was a non-significant difference.  Children that scored above 
chance on the task (approximately six items correct of 14) were considered to be 
analogical reasoners.  For 20 participants, the mean score was 7.55 with a SD of 3.2, 
indicating that within the sample selection, children between the ages of 4 and 5 were 
able to reason analogically given a classical analogy sentence using shape and color-
based analogies in a classical reasoning sentence.   
 
Alexander et al. (1987) felt that the results of their first experiment couldn’t be 
considered conclusive because four questions could be answered without using higher-
order reasoning processes. Children could match using surface features rather than 
relational features.  To adjust for the issue of higher-order reasoning in the first 
experiment, a second experiment was developed using the task from the first experiment. 
The second experiment had a revised response array where the target was no longer either 
an exact match, or the same color transformation.  Eighty-two children between the ages 
of 4 and 5 participated in the second experiment; 21 scored better than chance, with an 
average mean score of 9.95 and a SD of 2.13.  From this data, the authors concluded that 
younger children do struggle with analogical reasoning, akin to what Sternberg and 
Nigro’s study (1980) showed. But, they further stated that analogical reasoning is 
possible if the children have sufficient concept knowledge of the items in the analogical 
sentence. 
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The Relationship Between Concept Knowledge and Vocabulary Knowledge 
The previous discussion focused briefly on the notion that vocabulary knowledge is an 
important predictor in language-based analogy abilities in both spoken and print forms 
(Richland & Burchinal, 2012). Also, young children are able to reason analogically if 
they hold appropriate concept knowledge (Goswami, 1991).  The relationship between 
vocabulary knowledge and concept knowledge is fundamental for language learning and 
possibly for reasoning about language as well. “A word without meaning is an empty 
sound; meaning, therefore, is a criterion of ‘word,’ its indispensible component,” wrote 
Vygotsky (1986/1934, p. 212). For Vygotsky, verbal or speech-based thought, which 
derived from the development of language, facilitated the development of higher-order 
cognitive skills. That includes language-based reasoning. As children acquire more words 
and therefore more information about the world, their ability to reason improves 
markedly (see Goswami, 1991; Richland & Burchinal, 2013). Children’s ability to 
examine relationships among words is helped by the dynamics between words and their 
meaning in thinking. Vygotsky proposed that the connections between words and 
meaning aren’t static. As children grow and learn more about the world, the connections 
grow. Words may develop multiple meanings and these meanings interact with each 
other to modify how children perceive and think about the world: “The relationship of 
thought to word is not a thing, but a process, a continual movement back and forth from 
thought to word, and from word to thought” (Vygotsky, 1986/1934, p. 218).  Children 
who have smaller vocabularies for whatever reason are not able to experience this 
process to the extent that their peers with larger vocabularies are; the first group has 
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fewer opportunities to connect words and meaning, and to explore the relationships that 
these meanings have with the greater world around them. As a consequence, the 
linguistic and cognitive development that vocabulary fuels may be diminished. It may be 
that many Deaf children, whose vocabulary knowledge lags behind their hearing peers, 
will struggle on tasks of language-based analogies in any language. 
 
Vocabulary Knowledge and the Deaf Child 
Theories of vocabulary knowledge are intrinsically linked to overall intelligence (R. C. 
Anderson & Freebody, 1985). However, they take no position regarding whether 
vocabulary helps support intelligence, or whether intelligence allows people to acquire a 
large vocabulary.  It may be that people with large vocabularies can fake being smart, but 
there is growing evidence that specific types of vocabulary knowledge are linked to 
cognitive abilities, such as theory of mind (ToM) development in young children (Pyers 
& Senghas, 2009; Schick, de Villiers, de Villiers, & Hoffmeister, 2007) and analogical 
reasoning (Gentner et al., 2009; Goswami, 1989, 1991). Additionally, it is well known 
that large vocabularies are key predictors of success in academic skills, such as reading 
(Hirsch, 2003; Ouellette, 2006; Qian, 1999, 2002). 
 
The Effects of Vocabulary on Cognitive Development in Deaf Children 
Pyers and Senghas (2009) found that knowledge of mental state words, such as think and 
know, was related to the development of theory of mind in Nicaraguan Deaf adults.  To 
examine whether mental state vocabulary is related to the development of theory of mind, 
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Pyers and Senghas collected mental state verbs used by eight first-cohort signers and 10 
second-cohort3 signers in 2001 and in 2003.   Theory of mind was assessed using a false-
belief task in which participants had to choose an ending to an array of card sequences 
that told a story.  Mental state verb elicitation was done by asking participants to explain 
the actions of characters in a series of video clips. Participants then performed the false 
belief task. One example of a story told through the card sequence was of a bully who hid 
his younger brother’s train set. When the bully was in another room eating, the younger 
brother retrieved the train set and put it in another box. Participants were required to 
select a photo depicting a conclusion to the sequence; that is, what would happen next 
based on the belief of the character in the sequence. Pyers and Senghas (2009) discovered 
that for the 2001 testing, the first cohort had far fewer mental-state verbs than the second 
cohort, as a result the first cohort performed abysmally compared to the second cohort on 
the false-belief task.  In 2003, the first cohort, having acquired more mental-state verbs in 
the years following the first testing, performed much better on the task than they had in 
2001. They also improved more than the second cohort, whose members performed 
almost identically in 2003 and 2001.  The conclusion from Pyers and Senghas is that 
vocabulary knowledge, specifically words referring to mental states, supports the 
development of cognitive abilities. More directly, mental state vocabulary promotes the 
development of ToM. 
 
                                                        
3  The term cohort, in this context, refers to different generations of signers, tracked from the first 
recognition that a new sign language, Nicaraguan Sign Language, was emerging from various 
home signs and pidgins.  The first cohort, therefore, are the first group of Nicaraguan sign 
language users.   
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Cross-linguistic research, which is studying common factors in different languages, 
should demonstrate the same findings that Pyers and Senghas (2009) had in other signed 
languages. Courtin (2000) compared the development of theory of mind in 155 Deaf 
children, ages 5 to 8, to the development of theory of mind in 39 hearing children, ages 4 
to 6.  The Deaf children were divided into three groups: a) Deaf children of Deaf parents, 
b) signing Deaf children of hearing parents, and c) non-signing (or “oral”) Deaf children 
(OD).  Theory of mind development was tested using false belief assessments, although 
not the same ones used by Pyers and Senghas (2009).  One assessment Courtin used was 
an unexpected contents task.  Participants were shown a box labeled to indicate its 
contents (for example, a box for crayons) and asked what it contained.  However, 
unbeknownst to participants, the contents of the box had been replaced with something 
other than what the label indicated should be in the box (e.g., a spoon) before being 
presented to the children.  The replaced contents were shown to the children and placed 
back in the box.  A doll was placed in such a way to indicate it could see all the actions 
that happened to the box.  Participants were then asked what the doll would think was in 
the box.  All tasks were presented in French Sign Language (LSF) to the Deaf children 
who used sign language, and the Deaf, oral French participants (OD) were given the task 
instructions in spoken French.   
 
Courtin (2000) found that Deaf children of Deaf parents performed significantly better 
than hearing children on the false-belief task. The Deaf, oral 8-year-olds did not 
outperform the hearing 4-year-olds. Overall, Deaf children of Deaf parents outperformed 
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Deaf children of hearing parents, Deaf, oral children, and hearing children on false-belief 
tasks, presumably because they were older. To account for this age factor, Courtin 
included an analysis examining 6-year-olds, matching for age across all groups, and came 
to similar conclusions.  Within the Deaf children only, Deaf children of Deaf parents 
outperformed Deaf children of hearing parents and Deaf, oral children across the board. 
Courtin concluded that: a) sign language input, or rather the visual modality (which 
presumably includes sign language vocabulary, as per Pyers and Senghas [2009]) can 
contribute to theory of mind in Deaf children, and b) inadequate language input, as 
indicated in the performance of the Deaf children of hearing parents and the oral Deaf 
children of hearing parents, will slow theory of mind development in Deaf children.  
 
Sign Language or Spoken/Written Vocabulary Knowledge 
Results of research that indicate depressed vocabulary abilities in Deaf children tend to 
focus on measures of spoken and written vocabulary (Paul, 1996; Paul & O’Rourke, 
1988; Walter, 1978). Signed language vocabulary is largely missing from the discussion, 
even though researchers like Courtin (2000), Mayberry et al. (2013), and others have 
demonstrated that signed language knowledge can impact cognitive development. 
Because valid and reliable assessments of signed language and specifically signed 
language vocabulary are still relatively new (e.g. Haug & Mann, 2007), information 
about the relationship between signed language vocabulary knowledge and cognitive 
development is still lacking.  
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The development of assessments such as the ASLAI (Hoffmeister et al., 2014) has 
provided key information about ASL vocabulary.  Novogrodsky, Fish, and Hoffmeister 
(2014), for example, demonstrated that good language modeling is critical for the 
development of signed language vocabulary. In measuring ASL synonym knowledge, 
Deaf children demonstrated patterns of vocabulary judgments that are similar to hearing 
children. The data was based on the results from 572 Deaf participants between the ages 
of 4 and 18, grouped by parental hearing status. 449 were Deaf children of hearing 
parents. The remaining 123 were Deaf children of Deaf parents. Participants were given a 
task of ASL synonyms. Questions were presented through ASL videos. The responses, 
which contained semantic and phonological foils, ended in pictorial freeze frames 
(Hoffmeister, 1994). Participants could choose responses by clicking buttons that 
corresponded to the selected pictorial freeze frame of the sign. An analysis of the results 
found a clear effect of age; both Deaf children of Deaf parents and Deaf children of 
hearing parents acquired additional knowledge of ASL synonyms as they aged. Deaf 
children of Deaf parents significantly outperformed Deaf children of hearing parents on 
the task, thereby showing that early and appropriate language input is crucial for sign 
language vocabulary development. Furthermore, the type of errors made by Deaf children 
of Deaf parents differed from those made by Deaf children of hearing parents. Deaf 
children of Deaf parents were more likely to err by choosing semantic foils, whereas 
Deaf children of hearing parents were more likely to choose phonological foils. 
Novogrodsky, Fish et al. concluded that Deaf children of hearing parents were more 
likely to focus on the surface features of ASL similar to what is found for younger 
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children. The limited experience of the Deaf children of hearing parents with ASL 
prevented them from going beyond phonology. The results of Novogrodsky, Fish et al. 
are similar to what was found by Mayberry and Fischer (1989). Mayberry and Fischer 
(1989) examined the narrative shadowing abilities of native and non-native signing 
adults. Narrative shadowing requires that participants copy verbatim the signs provided 
by a signing narrator who was recorded previously on VHS. Native signers were likely to 
make semantic errors while shadowing the signing narrator, whereas non-native signers 
made more phonological errors. 
 
In a similar study, D. Anderson and Reilly (2002) developed and used the McArthur 
Communicative Development Inventory for ASL (ASL-CDI), a parent-reporting criterion 
checklist, to explore whether early language acquisition by Deaf children of Deaf parents 
parallels spoken language acquisition. The ASL-CDI was adapted from the English 
Communicative Development Inventory. The task allowed the data collected from the 
ASL-CDI to be mapped onto data from the English-CDI. The ASL-CDI consisted of 537 
signs in 20 different semantic categories. The earliest that all 20 semantic categories were 
acquired in the 69-child sample population was 34 months. Using the longitudinal data 
from the ASL-CDI, Anderson and Reilly were able to show that vocabulary and language 
acquisition in Deaf children of Deaf parents tracks typical language acquisition in spoken 
language, with the exception that some sign language vocabulary use appeared in time 
frames earlier than found for spoken language. 
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Researchers of other signed languages have also found that given appropriate language 
environments, sign language vocabulary development in Deaf children is similar to that 
of hearing children. Rinaldi, Caselli, Renzo, and Gulli (2014) gave a picture-naming task 
to eight Deaf native Italian Sign Language (LIS) signers between 28 and 38 months of 
age. The picture-naming task presents picture responses designed to represent noun-type 
responses (e.g. different types of fruit), or verb type responses (e.g. action verbs such as 
looking or walking). Deaf signing proctors elicited data from the participants by asking 
questions (e.g. Where is the fruit?). Participants were expected to point to the correct 
picture for comprehension data, and sign an explanation of the target picture for 
production data. The collected data were compared to a normative sample of hearing 
Italian-speaking children. The authors found that while Deaf children produced 
significantly fewer correct answers than hearing children, there was no difference in 
comprehension answers. A difficulty analysis of the questions found similarities between 
Deaf and hearing children; both found the same questions either difficult or easy. Overall, 
Rinaldi et al. came to three conclusions: a) vocabulary comprehension abilities are 
similar between Deaf and hearing children, b) the semantic contents of signs and spoken 
words are similar; there was no difference in concept knowledge between Deaf and 
hearing children, and c) Deaf children show an affinity for verb-type vocabulary because 
the modality favors motion verbs.  
 
It may be possible for Deaf children of hearing parents to acquire good vocabulary in 
spite of an initial delay in language exposure after birth. For many Deaf children of 
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hearing parents, their first exposure to signed language happens when they enter a school 
for the Deaf. Therefore, the earlier Deaf children of hearing parents enter school, the 
better their language skills should be. In Henner et al. (2015), the ASL vocabulary and 
syntax skills of 551 Deaf children of hearing parents were analyzed. The goal was to see 
if long term ASL exposure increased ASL vocabulary and syntax abilities. ASL exposure 
was measured using years in the school where the vocabulary assessments were given as 
the metric. Vocabulary abilities were measured using four of the ASLAI vocabulary 
tasks. The tasks were: a) Antonym, b) Synonym, c) Vocabulary: Difficult, and d) 
Vocabulary in Sentence Task. Syntax was measured using the Syntax: Difficult subtask. 
Henner et al. (2015) found that the later Deaf children of hearing parents entered school, 
the worse they performed on ASL vocabulary and syntax tasks. Henner et al. (2015) 
concluded that while school environments cannot replace exposure to language at home, 
they do support Deaf children of hearing parents to improve their language skills. 
 
Another possibility for how Deaf children of hearing parents may acquire language 
centers on the concept of “resilience” (Charlson, Bird, & Strong, 1999). Resilience is the 
ability to overcome obstacles in life. For Deaf children of hearing parents, language and 
communication barriers would be considered an enormous challenge that must be 
surmounted. Listman, Rogers, and Hauser (2011) indicate that resilient Deaf children 
require protective factors that mitigate the risks of succumbing to the challenges of being 
Deaf in a hearing world. Some of the protective factors for Deaf children include: a) 
cultural knowledge and capital, b) aspirational capital, c) familial capital, and d) 
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linguistic capital. In other words, Deaf children of hearing parents must be introduced to 
Deaf culture and socialize with Deaf people. They have to understand that they have a 
culture and that their deafness is not a limiting factor. Hearing parents of Deaf children 
can provide familial capital by creating an inclusive environment rather than an exclusive 
one. For example, Listman et al. discuss the dinner table syndrome, as described by 
Hauser, O’Hearn, McKee, Steider, and Thew (2010). The dinner table syndrome is when 
a Deaf child is excluded from conversations that happen during normal family meals. A 
family that instills familial capital would work to include the Deaf child during those 
family conversations. 
 
The results of Novogrodsky, Fish et al. (2014) and Rinaldi et al. (2014) show that signed 
language vocabulary learning in Deaf children in appropriate language environments is 
comparable to the spoken language vocabulary acquisition in hearing children. Henner et 
al. (2015) and Listman et al. (2011) demonstrate that Deaf children of hearing parents can 
also acquire vocabulary akin to typically developing children given certain factors. 
Presumably if the brain handles sign language vocabulary in the same way as spoken 
vocabulary, then cognitive development can be facilitated by signed language acquisition.  
The literature on theory of mind development in Deaf children affirms the link between 
spoken and signed vocabulary and cognitive abilities (Anderson & Freebody, 1985; Qian 
1999, 2002). For language-based analogies, however, vocabulary may be necessary in 
order to understand the relational elements in the analogical sentence.   
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Vocabulary knowledge can be divided into breadth and depth (Anderson & Freebody, 
1985; Qian, 2002).  Knowledge of breadth and depth in vocabulary affect people’s ability 
to communicate, understand, and to succeed academically as well as in the working 
world (Luckner & Cooke, 2010).  It is possible, then, that both breadth and depth of 
vocabulary are needed in order to perform well on tasks of language-based analogies.  
 
The Breadth of Vocabulary in Deaf Children 
In this section breadth of vocabulary is examined.  Breadth of vocabulary refers to the 
size or extent of a person’s vocabulary (Qian, 2002).  Research on the breadth of English 
vocabulary, spoken and print, in Deaf children has often focused on Deaf children’s lack 
of English vocabulary (Coppens, Tellings, Verhoeven, & Schreuder, 2010; Grisworld, 
1974; Paul 1996; Walter, 1978).  
 
Coppens et al. (2010) examined the acquisition of Dutch vocabulary in Deaf children 
relative to their hearing peers.  Although examining a language other than spoken 
English, this study parallels the distinction between spoken (English) vocabulary 
acquisition and signed (ASL) vocabulary acquisition, which is at the heart of this debate.  
Coppens et al. compared three different groups: a) a cohort of Deaf children from fourth 
to sixth grades, b) a cohort of Deaf children from fifth to seventh grades, and c) a cohort 
of hearing children from fourth to sixth grades.  Twelve of the Deaf children were 
mainstreamed, or placed in programs that facilitate the integration of Deaf children into 
local schools, and the remaining children were in schools for the Deaf.  The children in 
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the mainstreamed program were educated orally (with very little exposure to a signed 
language), whereas the children in the schools for the Deaf were immersed in programs 
where they were instructed using both Dutch sign language (NGT), sign supported 
speech4, and written Dutch.  Vocabulary knowledge was assessed using a lexical decision 
task and a lexical use task.  The lexical decision task required participants to determine 
whether written Dutch words were real or made up.  The lexical use test provided 
participants four possible sentences in which a target word might be used.  Participants 
had to choose the best possible sentence for the target word. 
 
The results demonstrated that all children acquired vocabulary over time; however, Deaf 
children appeared to do better on lexical use tasks than on lexical decision tasks.  
Interestingly, Deaf children showed more improvement on the tasks over time than 
hearing children; however, the Deaf children had poorer performance earlier on, 
indicating that there were more opportunities to improve.  Overall, hearing children 
performed better on the vocabulary tasks than their Deaf peers, but over time, these 
differences became slight as Deaf children learned more Dutch vocabulary the longer 
they are in a bilingual program.  
 
While some researchers like Coppens et al. (2010) acknowledge that vocabulary 
acquisition by Deaf children is moderated by various factors, like exposure to spoken and 
signed language, researchers like Walter (1978) are more explicit. Walter claimed that 
                                                        
4 Sign supported speech is when teachers talk and attempt to use sign at the same time 
  
45
Deaf children do not have enough vocabulary from the spoken language, either orally or 
through print.  
 
Walter (1978) examined two groups of participants: a) 277 hearing children aged 10 to 
14, and b) 199 Deaf children, aged 10 to 14.  All participants were given a frequency-
based test of English print vocabulary, developed by the author.  The test consisted of 90 
cloze sentences, or sentences that have a word omitted, in which participants are required 
to select the correct word for the sentence from a multiple-choice array of five possible 
words.  All words in Walter’s task were taken from the Word Frequency Book, and have 
frequency counts ranging from 100 to 25,743.  The basis of the assumption was that 
words with higher frequency counts are more common and therefore should be known by 
English language users. 
 
Walter (1978) organized results by age, and by percent correct according to frequency 
groups, or number of times that a word was counted in the Word Frequency Book.  The 
groups of words in print were: a) <2,000, b) 2,000–5,000, c) 5,000–10,000, and d) 
10,000–20,000.  When compared across ages and frequency groups, hearing children far 
outperformed Deaf children, at every age and every frequency group.  14-year-old Deaf 
children, for the highest frequency words (<2,000), performed worse than 10-year-old 
hearing children. For rare vocabulary words, Deaf children performed far worse relative 
to hearing peers. Although Deaf children seemed to know more frequent English print 
words, they still did not approximate the number of words that hearing children knew. 
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American Deaf children knew very little English print vocabulary compared to American 
hearing peers, and many words they did know were common terms.  
 
The difference between Walter (1978) and Coppens et al. (2010) was that Walter did not 
control for types of language exposure among his Deaf population.  There is no way to 
determine whether the limited vocabulary knowledge is a direct result of participants’ 
deafness, or because they had not had consistent exposure to an accessible language, such 
as sign language.  Furthermore, Walter did not account for words that had one-to-one 
signed mappings, or were easily translatable, which could have explained more 
differences between the sample populations in the two studies. 
 
The Depth of Vocabulary in Deaf Children 
In this section we examine depth of vocabulary in Deaf children.  As discussed 
previously, Walter (1978) admitted that his assessment did not analyze whether Deaf 
children understood multi-meaning words. Vocabulary depth is understanding all 
interpretations of a word that could be used under normal circumstances (R. C. Anderson 
and Freebody, 1985).  Furthermore, people acquire more vocabulary depth over time as 
they learn the nuances and subtle distinctions conveyed by words.  Vocabulary depth may 
be particularly useful for language-based analogical reasoning, since those nuances and 
subtle distinctions can help filter out deeper relational meanings in analogical sentences.  
However, research to date demonstrates that Deaf children typically do not have very 
deep English/print vocabularies (Coppens et al., 2010; Kunisue et al., 2007; Paul & 
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Gustafson, 1991; Paul & O’Rourke, 1988). 
 
Paul and Gustafson (1991) sought to assess the comprehension of high-frequency, multi-
meaning English words for both Deaf and hearing students using a picture vocabulary 
test.  Forty-two Deaf students participated, aged 10;7 to 18;11, and 42 hearing students 
participated, aged 8 to 10;11.  None of the Deaf participants were Deaf children of Deaf 
parents.  Paul and Gustafson justified the discrepancies in the age groups as an attempt to 
control for already existing differences in English vocabulary knowledge between the 
Deaf and hearing groups. 
 
Paul and Gustafson (1991) administered a 60-item English picture vocabulary task.  Each 
item had one target pictorial word, and five possible pictorial responses.  Fifteen of the 
items allowed for the selection of one correct alternative word, giving 45 total targets.  
The targets from the American Heritage Word Frequency Book were all within the 
10,000 frequency counts and were therefore considered to be high-frequency words in 
English.  Participants were given a word, and instructed to select other pictures that 
explained the different possible meanings of that word.  
 
The results showed that hearing students had significantly higher scores than the Deaf 
participants, particularly on selecting two meanings of words when available, and on 
selecting a single meaning for a word when available.  Deaf students typically selected 
only the primary word meaning rather than secondary word meanings.  Paul and 
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Gustafson concluded that Deaf children generally do not know whether words have 
multiple meanings. If they do, they usually only know the first (most common) meaning 
of the word rather than any additional, less common meanings of the word.  
 
Paul and Gustafson’s conclusions differ from Coppens et al. (2010), which showed that 
given a signing, bilingual environment, it is possible for Deaf children of hearing parents 
to learn print vocabulary from a spoken language via reading (see Hoffmeister & 
Caldwell-Harris, 2014).  Coppens et al.’s findings seem to align with Singleton et al.’s 
(2004) study of English print vocabulary use among low, moderate, and proficient 
elementary and middle school aged users of ASL, as defined by the ASL Proficiency 
Assessment (ASP-PA; Maller, Singleton, Supalla, & Wix, 1999).  Participants in the 
Singleton et al. study were asked to watch a 3-minute presentation of “The Tortoise and 
the Hare,” and then re-tell the story in written English. Singleton et al. examined the 
written re-tellings for frequent words, unique words, and function words. Proficient and 
moderate users of ASL had better English vocabulary use relative to low users of ASL. 
Both proficient and moderate users had the same proportion of unique English words in 
their re-tellings (.57), which was the same proportion as hearing monolinguals and higher 
than hearing English as a Second Language students (.52). Low ASL users had fewer 
unique printed words (.46) and more function words than both moderate and high ASL 
users (.43 v. .28/.29). The percentage of function words used by low ASL users 
approximated the use of function words by hearing monolinguals (.585) and by hearing 
English as a Second Language students (.56).  It is possible that better vocabulary use 
  
49
could mean that proficient signers have English vocabulary depth, as well as English 
vocabulary breadth. Singleton et al. did not explain why moderate and high ASL users 
use significantly fewer function words than monolinguals and hearing English as a 
Second Language students; however, they pointed out that the semantic-rich writings of 
the moderate and high ASL users were more important than their infrequent use of 
function words. Singleton et al.’s explanation for the semantic-rich, function-word-poor 
writing of moderate and high ASL users mirror the translation process described by 
Hoffmeister and Caldwell-Harris (2014). The model describes the decoding process used 
by ASL fluent deaf children; however, it can be reversed to describe how those children 
may also code into writing. Semantic rich writing by moderate and high ASL users 
suggests skills with mapping translation equivalents from ASL to English as well as 
vocabulary depth. 
 
The Non-Verbal Reasoning Abilities of Deaf Children 
Non-Verbal reasoning assessments are often used as a measure of intelligence for Deaf 
children and adults. Practitioners and researchers assert that non-verbal reasoning 
assessments remove language barriers, allowing for a genuine assessment of the 
reasoning abilities of Deaf children and adults (Phillips, Wiley, Barnard, & Meinzen-
Derr, 2014). However; evidence exists that even non-verbal reasoning skills require a 
foundation in language (Baldo, Bunge, et al., 2010; Baldo, Dronkers, et al., 2005). To 
examine the relationships between language and performance on non-verbal analogies, 
Baldo, Bunge, et al. (2010) examined data from 107 left-hemisphere stroke patients, who 
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were classified as aphasic. Twenty-nine of the participants were assessed as having little-
to-no damage to their language abilities thus were used as a control group. Participants 
were given the Raven’s Progressive Matrices (Raven, 1989), a commonly used non-
verbal analogies assessment based on pattern matching. Baldo, Bunge et al. divided the 
Raven’s items into two types. The first type of item could be answered using only visual 
matching. The second type required relational reasoning to determine the correct answer. 
The data showed that on items that required only visual matching, aphasics performed as 
well as the control group. For the items that required relational reasoning, the control 
group performed significantly better than the aphasic group. The results from Baldo, 
Bunge et al. demonstrated that language is still necessary for even what is categorized as 
non-verbal relational reasoning. 
 
Because non-verbal reasoning skills still require language, there exists a debate on 
whether or not Deaf children have non-verbal reasoning skills. Researchers are decidedly 
mixed on whether or not the overall reasoning skills, and not just the language-based 
reasoning skills, of Deaf children are delayed compared to their hearing peers.  Furth 
(1965), in review of language-based reasoning skills literature, divided 22 studies of that 
era into groups categorized by what he called conceptual-abstraction attainment and 
transfer of Deaf people. The performance of Deaf people in those studies was compared 
to hearing people as either inferior (to hearing people) or not inferior (to hearing people).  
Among the types of cognitive activities in which Deaf people were considered inferior to 
hearing were classical language-based analogies, understanding of opposites (antonyms), 
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and some forms of visual matrix analogies. Deaf people were not inferior to hearing 
people on tasks of sameness (synonyms), figure classification, spatial analogies, and a 
later version of the visual matrix analogies. Oleron stated that, fundamentally, Deaf 
people could reason as well as hearing people provided that they were exposed to 
adequate language and were assessed on concepts that they already know (domain 
knowledge) (as cited in Furth, 1965, p 150).  
 
Further examining the issue of the role of language in reasoning tasks, Zwiebel and 
Mertens (1985) gave 251 oral Deaf Israeli children aged 6 to 15 the Snijders-Oomen 
Non-verbal Inventory (SON). The Deaf children were compared to hearing children aged 
10 to 12 on seven SON subscales (out of 11), two of which were related to analogical 
reasoning skills: a) picture analogy, and b) figure analogy. A factor analysis was used to 
examine the loadings, or the correlations each subscale had to each other. For Deaf 
children, the subscales loaded only as a single factor, whereas hearing children had two 
factors. Zwiebel and Mertens labeled the first factor general intelligence and the second 
factor abstract thinking. When Zwiebel and Mertens divided the Deaf sample by ages, 
they found that figure analogies loaded moderately with abstract thinking only for 13 to 
15-year-old Deaf children. Picture analogies did not load with abstract thinking for Deaf 
children. For hearing children, figure analogies loaded heavily with abstract thinking at 
10 to 12 years of age. From these results, Zwiebel and Mertens concluded that Deaf 
people, in general, do not rely on abstract thinking skills to the extent that hearing 
children do.  
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The Zwiebel and Mertens (1985) study had several methodological limitations that 
should be clarified. First, they looked only at orally educated Deaf children, of whom 
12% had sign language exposure at home (those who had Deaf parents). Second, it 
compared Deaf children younger than 10 to 12 years of age with the 10 to 12-year-old 
hearing group. Third, the labels that Zwiebel and Mertens picked to define the two factor 
loading groups were chosen without much support from the literature. Even though 
Zwiebel and Mertens’ study (1985) was not a strong study, the findings align with 
previous research on the ability of oral Deaf children to reason (Myklebust 1964; 
Myklebust & Bruton, 1953). Myklebust and Bruton (1953), in particular, write that Deaf 
children are unable to access abstract types of thinking, which include language 
analogies, a conclusion also provided by Zwiebel and Mertens. 
 
Later, Zwiebel (1987) replicated his 1985 study with Mertens. The difference from the 
1985 study was rather than looking at Deaf children as a homogenous population, 
Zwiebel split his sample of 122 Deaf Israeli children aged 6 to 14, into three groups 
based on the child’s family members:  
a) Children with Deaf parents and Deaf siblings (n = 23),  
b) Children with hearing parents and Deaf siblings (n = 76), and  
c) Children with hearing parents and hearing siblings (n = 144).  
For comparison purposes, Zwiebel (1987) selected 101 hearing children from three sixth 
grade classes of differing socioeconomic status. The results showed that for the analogies 
subscales, which included both picture and figure analogies, Deaf parents and Deaf 
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siblings performed significantly better than hearing parents and Deaf siblings and hearing 
parents and hearing siblings, and on par with their same-age hearing peers. While 
Zwiebel explained that it is possible that language alone does not account for the 
performance of Deaf parents and Deaf siblings relative to the other Deaf children, he 
does admit that sign language appears to provide a cognitive benefit, and may be 
necessary for the development of the expression of abstract thought.  
 
To summarize, the literature provides different perspectives on whether or not Deaf 
people have the ability to attain abstract reasoning abilities. Although many studies 
conclude that Deaf people cannot reason as well as hearing people on tasks of non-verbal 
reasoning, the evidence suggests that if Deaf people have access to a language, and 
conceptual knowledge, they can reason as well as hearing people. It is likely that many 
researchers and practitioners use non-verbal assessments which can be solved through 
visual matching (e.g. Baldo, Bunge, et al., 2010) rather than relational reasoning. The 
positive results would cause them to assume that non-verbal assessments overcome 
language barriers for Deaf children and adults. Nevertheless, it seems that language 
deprivation in Deaf children can still affect how well they perform on relational 
reasoning assessments, including so-called non-verbal reasoning tasks. The next section 
will discuss the language-based reasoning abilities of Deaf children more in depth. 
 
Language-Based Reasoning Abilities of Deaf Children 
The research findings on spoken language vocabulary abilities in Deaf children are rather 
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negative compared to hearing children: Deaf children do not acquire the same amount of 
spoken (English) vocabulary in the same time span as their hearing peers.  If we accept as 
true that Deaf children generally do not have an extensive breadth and/or depth of 
vocabulary, then they may not do well on tasks of language-based analogies, which may 
require this type of vocabulary knowledge (e.g. Goswami, 1991). Unfortunately, there is 
limited research on the performance of Deaf children on tests of language-based 
analogies using ASL or another signed language. This section examines four studies that 
look at how Deaf people perform on tests of sign language and English print/written 
language-based analogies.  Three studies assess the abilities of Deaf people using written 
English language-based analogies tasks (Edwards et al., 2011; Marschark et al., 2004; 
Sharpe, 1985;), and one study assesses the abilities of Deaf people on a signed language-
based analogies task (Bandurski & Galkowski, 2004). 
 
To assess the abilities of Deaf teenagers on a test of English print/written analogies, 
Sharpe (1985) selected 12 Deaf students and 12 hearing students.  The Deaf students 
were from a local program for the Deaf and were instructed using a total communication 
approach.5  The task given was a classical analogies task (A : B :: C : D) with the signed 
vocabulary based on translating English print vocabulary drawn from the second grade or 
lower vocabulary level.  Deaf education professionals screened the vocabulary in the task 
for whether or not they were appropriate to use with Deaf children, although no 
                                                        
5 Total Communication philosophies emphasize using speech as the primary communication 
strategy, coupled with what is called sign-supported speech, or simultaneous communication, 
where attempts are made to sign each spoken word, with emphasis on signing the initial letter of 
the spoken word and its ending morphemes. 
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explanation was given for how appropriateness was determined.  Instructions for 
completing the analogies task were given both orally in English and through a sign 
language interpreter, using simultaneous communication. The analogies were presented 
in English print and participants responded by writing out the answer.  Sharpe found that 
hearing students outperformed their Deaf peers on the analogies test and concluded that 
speech is a necessary faculty in the development of analogical reasoning.   
 
Marschark et al. (2004) examined 18 Deaf undergraduate students and 21 hearing 
undergraduate students from the Rochester Institute of Technology. Seventy-nine 
language-based analogical stimuli items were used, corresponding to six different 
relationship types:  
a) category/superordinate (Shetland Sheepdog/Dog), 
b) exemplar/superordinate (Dog/Shetland Sheepdog), 
c) coordinate (Shetland Sheepdog/Blue Heeler), 
d) rhyme (Dog/Bog),  
e) part-whole/whole-part (Paw/Dog), and  
f) predication relations (Shetland Sheepdog/Beautiful). 
From the set, 48 English print language-based analogies were constructed.  The analogies 
format was classical (A : B :: C : D) with responses given in writing.  Overall, hearing 
participants outperformed Deaf participants on every single analogical relation type.  
Marschark et al. concluded that lack of content knowledge and access to English 
vocabulary stymied Deaf performance on analogies.  
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While Sharpe (1985) and Marschark et al. (2004) examined only the performance of Deaf 
children on tasks of English print/written language analogies, Edwards et al. (2001) 
compared Deaf children’s performance on vocabulary knowledge tasks to analogies 
tasks.  Both tasks were presented via print.  Their hypothesis was that children who 
performed well on the vocabulary knowledge tasks would also perform well on the 
language-based analogies tasks. Forty-seven Deaf children and 22 hearing children 
between 8 and 12 years old participated in the study. Most of the Deaf participants were 
oral, with less than one-third using total communication approaches (e.g. simultaneous 
communication, sign supported speech, etc.). To assess the spoken language vocabulary 
of their participants, Edwards and colleagues used the British Picture Vocabulary Scale 
Long Form (BPVS).  The BPVS stimuli were presented to the Deaf participants orally 
and the participants were required to select their response by pointing to the 
corresponding picture on a page.  To assess participants’ abilities to reason analogically 
with language-based analogies, the authors used the language-based analogies subtask in 
the Verbal and Spatial Reasoning Test for Children (VESPARCH) test battery, consisting 
of 25 multiple-choice language-based analogies in print.  Edwards et al. found that 
hearing participants significantly outscored Deaf participants on both the BPVS and the 
language-based analogies VESPARCH tasks.  For Deaf participants, scores on the BPVS 
accounted for a significant percent of the variance of the mean scores on the language-
based analogies VERSPARCH task, indicating a strong relationship between vocabulary 
knowledge and language-based analogies. 
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The Sharpe (1985), Marschark et al. (2004), and Edwards et al. (2011) studies did not 
systematically examine the effects that limited exposure to language could have on 
vocabulary acquisition and reasoning abilities.  Fajardo, Parra, and Canas (2010), who 
adapted Marschark et al.’s (2004) task of analogies for use with Deaf Spanish sign 
language users, were straightforward in their conclusion that impoverished language 
input hindered the language-based verbal reasoning skills of many Deaf people.  
 
Bandurski and Galkowski (2004) differed from the other studies discussed previously in 
that they divided their Deaf population into Deaf children of Deaf parents and Deaf 
children of hearing parents to better understand how differences in language input affect 
cognitive development. In the Bandurski and Galkowski study, six groups of 104 
participants were examined: three younger (9 to 10-year-olds) groups of Deaf children of 
Deaf parents, Deaf children of hearing parents, and hearing children of hearing parents 
and three older (12 to 13-year-old) groups of Deaf children of Deaf parents, Deaf 
children of hearing parents, and hearing children.  Three analogies tasks were given to the 
participants, language-based analogies, numerical analogies, and spatial analogies.  The 
language-based analogies task examined three categories of analogies: antonym, 
proportion, and causal relations.  The task did not have multiple-choice foils.  Rather, 
participants were required to generate, either orally or through sign, the missing term in 
the analogical sentence, which was presented in printed form using the classical structure 
(A : B :: C : ?).  The same task was presented to the Deaf children in Polish Sign 
Language (PJM) and spoken Polish to the hearing children.  For the antonym analogies, 
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hearing children in both age groups performed better than Deaf children of Deaf parents 
and Deaf children of hearing parents; however, Deaf children of Deaf parents 
outperformed Deaf children of hearing parents.  
 
For the proportion analogies, the younger hearing group outperformed Deaf children of 
Deaf parents and Deaf children of hearing parents again, but for the older group, the Deaf 
children of Deaf parents and hearing groups performed similarly, and both did better than 
Deaf children of hearing parents.  For the third type of analogies, causal relations, Deaf 
children of Deaf parents outperformed both Deaf children of hearing parents and hearing 
children in both the younger groups and the older groups. Bandurski and Galkowski’s 
study concluded that language exposure is critical for developing the ability to reason 
analogically in Deaf children, and that a signed language can be considered an equivalent 
to spoken language in supporting language-related cognitive development in children. 
Differences in the three groups were summed up with two major thrusts. First, qualitative 
differences in language experiences among Deaf children of Deaf parents, Deaf children 
of hearing parents, and hearing children create entirely different types of cognitive 
structures. Language deprivation experienced by the majority of Deaf children of hearing 
parents renders them unable to examine well the relational elements of the analogical 
sentence and map their knowledge from the base to the target. Second, the inefficient 
schooling of many Deaf children could be the best explanation for any kind of differences 
on scoring between Deaf children of Deaf parents and hearing children. Deaf education 
often fails to engage Deaf students in any kind of academic language discourse; Deaf 
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children are taught to approach the world through mostly concrete terms. When faced 
with an analogies sentence that requires abstract, relational thinking, they simply do not 
have the training and experience to perform as well as hearing children.  
 
In summary, while some previous research has shown that Deaf children perform 
similarly to hearing peers on non-verbal analogies, suggesting that Deaf children are not 
cognitively deficient in this domain, little has been done on the development of 
analogical reasoning in Deaf children for language-based analogies, in either spoken or a 
signed language.  Language-based analogies, where the analogical sentence is 
constructed using words embedded in a classical A : B :: C : D grammatical sentence 
format, requires general language ability and vocabulary knowledge. Research discussed 
previously showed that in tests of language-based analogical reasoning, Deaf people do 
not perform as well as their hearing peers (Sharpe, 1985; Marschark et al., 2004; Edwards 
et al., 2011).  However, Sharpe, Marschark et al., and Edwards et al. did not control for 
age of language exposure, nor level of skill in ASL, and provided the tests of language-
based analogical reasoning in print form, which should be viewed as a second language 
for most Deaf people who do not have full access to sound (Hoffmeister & Caldwell-
Harris, 2014).  Furthermore, when assessing the vocabulary knowledge of Deaf 
participants, Edwards et al. administered their vocabulary task using spoken English, 
forcing Deaf participants to attempt to either use their residual hearing or their abilities to 
lip read—both of which carry extreme variability in the adequacy of input/reception—in 
order to understand and perform the task.  It appears that when researchers control for age 
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of language exposure, and when the test of language analogies is given in a signed 
language, Deaf children who are proficient signers are capable of using analogical 
reasoning at levels equivalent to hearing children of similar ages (Bandurski & 
Galkowski, 2004).  The present study on the development of analogical reasoning in Deaf 
children builds on the work of Bandurski and Galkowski.  It additionally examines the 
role of sign language vocabulary knowledge in performance on a signed test of analogical 
reasoning. Vocabulary knowledge represents content knowledge. It also provides an 
ability to understand what is happening in the world and how different things relate to 
each other via contextual analysis. Gaps in vocabulary often manifest as gaps in 
knowledge. Tests of analogies in the native signed language of Deaf children will need to 
be developed and normed; one such task was developed for ASL and will be discussed 
here. Results of the task will be compared to results of ASL vocabulary tasks. 
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Chapter 3: Methodology and Research Design 
Chapter 3 lists the methodology and design of the study that was undertaken to answer 
the two research questions listed in Chapter 1. The first question was about the 
connection between different background factors and performance on a sign language 
analogies assessment. The second question was about the type of sign language 
vocabulary knowledge that contributes to performance on a sign language analogies 
assessment. The following chapter describes the materials, the population, and the 
analysis that will help answer the two research questions that drive this study. 
 
Materials 
The American Sign Language Assessment Instrument (ASLAI) 
This study was designed as a part of the ASLAI, a battery of tasks developed to assess 
and measure the ASL abilities and cognitive development of Deaf children and 
adolescents, between the ages 3;6 to 18;5.  The ASLAI consists of 12 receptive language 
tasks, where participants are expected to perceive and decode language rather than 
producing oral or signed language. Data obtained will allow researchers to measure 
participants’ language development and use of language for reasoning relative to their 
peers.  The tasks are as follows: 
 
a) Synonyms (SYN): Examines the age-related knowledge of ASL synonyms. 
b) Antonyms (ANT): Examines the age-related knowledge of ASL antonyms.  
c) Real-Objects and Plurals (ROPL): Examines the age related knowledge of 
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classifiers, particularly verbs of motion (VoM) and verbs of location (VoL), as 
well as spatial arrangements. The ROPL task also examines the age-related 
knowledge of ASL plurals and classifier handshapes, particularly exhaustive and 
distributive plurals, and spatial arrangements. 
d) Vocabulary: Simple (VOCS): Examines the age-related knowledge of simple 
ASL vocabulary, defined as vocabulary with a one-to-one translation between 
ASL and English. 
e) Vocabulary: Difficult (VOCD): Examines the age-related knowledge of complex 
and/or rare ASL vocabulary, or vocabulary that do not generally have a one-to-
one translation between ASL and English. 
f) Syntax: Simple (STXS): Examines the age related knowledge of the following 
five ASL syntax constructions: 
a. Pronominalization 
b. Verbs of Motion 
c. Verbs of Location 
d. Negation 
e. Plurals 
g) Syntax: Difficult (STXD): Examines the age related knowledge of the following 
nine ASL syntactic constructions: 
a. Plain 
b. Negation 
c. Conditionals 
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d. Agreement Verbs 
e. Topic/Comment 
f. Wh-based Questions 
g. Rhetorical Questions 
h. Complements 
i. Relative Clauses 
h) Vocabulary in Sentences (VST): Examines the age-related knowledge of 
infrequent and rare ASL vocabulary, using vocabulary in signed sentences as the 
responses rather than singular vocabulary words. Correct use of the vocabulary 
item in a sentence is required. 
i) Analogies (ANG): Examines the age-related knowledge of language-based 
analogical reasoning using the following reasoning categories:  
a. Causal 
b. Antonym 
c. Purpose 
d. Part-Whole: Whole-Part 
e. Noun-Verb Pairs 
f. ASL Phonology 
j) Comprehension (CMP): Examines ASL text literacy skills. 
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The Tasks used in this Study and their Properties 
This section details the vocabulary subtasks used in this study and their properties. 
Special attention is given to the Analogies subtask. Table 1 describes the different 
vocabulary tasks used in this study, and includes the task type, the number of questions, 
and the age range of the participants for whom the task is normed. Reliability for each 
task in the table was calculated using Cronbach’s Alpha. Task type describes how the 
stimulus and the responses are presented. In a sign-to-sign task, both the stimulus and the 
responses are lexical signs. In a sentence-to-sign task, the stimulus is a signed sentence, 
but the responses are single lexical signs. An example of a sentence-to-sign task is 
Vocabulary in Sentence task. Grammaticality Judgment tasks, such as Syntax: Difficult 
and Syntax: Simple presents four variations of a single sentence. Only one variation is 
correct. For picture-to-sign, such as Vocabulary: Simple, the stimulus item is a picture 
and the responses are all lexical signs. 
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Table 1: ASLAI Tasks used in this Study 
Task Name Task Description Task Type Qs Age 
Range 
Reliability: 
Cronbach’s 
Alpha 
Antonyms 
(ANT) 
Assesses how well 
participants can 
identify lexical signs 
that are semantically 
opposites 
Sign to Sign 14 4–18 .90 
Synonym 
(SYN) 
Examines how well 
participants can 
identify semantically 
similar lexical signs 
Sign to Sign 15 4–18 .83 
Vocabulary:  
Difficult 
(VOCD) 
Examines whether 
participants can link 
rare vocabulary to 
their definitions 
Sentence to 
Sign 
25 7–18 .87 
Vocabulary 
in Sentence 
(VST) 
Examines whether 
participants can 
recognize rare 
vocabulary properly 
in a sentence 
Grammaticality 
Judgment 
18 7–18 .82 
Analogies 
Examines whether 
participants can 
resolve an analogical 
sentence in ASL 
Sentence to 
Sign 
24 7–18 .88 
 
The Analogies Test 
The Analogies task was developed to assess how well Deaf children could demonstrate 
their knowledge of four meaning relationships (causality, antonym, purpose, whole-part), 
one morphological derivation relationship using select noun-verb pairs, and one 
phonological relationship, using a language-based reasoning task. The relationships are 
designated as task sub-constructs (analogical reasoning is the task construct) using the 
classical A : B :: C : D analogical sentence format. Accordingly, the task is sentence-to-
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sign. An example of how the Analogies task appears to participants can be seen in Figure 
3.  The sub-constructs are as follows: 
a) Causal: Examines participants’ abilities to infer causal relationships between a 
stimulus and a response (RAIN : WET :: SUN : ? [DRY]). 
b) Antonym: Examines participants’ abilities to infer antonym-based relationships 
between stimulus and response (HOT : COLD :: DIRTY ? [CLEAN]). 
c) Purpose: Examines participants’ abilities to map the purpose of a stimulus onto 
the responses (CUP : POUR-LIQUID :: FORK ? [SPEAR FOOD]). 
d) Whole-Part | Part-Whole: Examines participants’ abilities to examine proportional 
relationships and map them onto a response (NOSE : FACE :: TIRE ? [CAR]). 
e) Noun-Verb Pairs: Examines participants’ abilities to examine the grammatical 
derivational rules of noun-verb pairings in ASL, in which nouns are derived from 
verbs.  Verbs are produced using a path consisting of a single movement from 
point A to point B.   Nouns are derived from verbs where the path is repeated and 
the movement consist two short paths.  Participants must use this knowledge to 
map the stimulus onto a response (CHAIR : SIT :: PLANE : ? [FLY]). 
f) ASL Phonology: Examines participants’ abilities to interpret the phonological 
commonalities in the analogical sentence, and choose a concluding analog stem 
that has the same phonological commonalities (CL:1-TOWER : CL:1-HORIZ 
CHALK :: CL:3-VERTICAL-TRIO-STANDING : ? [CL:3-HORIZONTAL-
CHICKEN-FOOT]). 
The task consists of 24 questions.  Each of the six sub-constructs has four questions.  The 
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words for the stimuli were originally translated to ASL from frequently used reading lists 
to approximate highly frequent words since frequency counts in ASL were lacking at the 
time the task was developed.  The stimulus presentation consists of a signer signing the 
analogical sentence in the A : B :: C : ? format.  In ASL, the signer uses space to convey 
the concept of analogous relations.  The signer signs the A part of the sentence in the 
space to her right, and then holding the left hand in the original position using a G 
handshape, with the right hand in a G handshape, traces a line to the space on her left 
where she signs the B part of the analogical sentence. She then signs the C part of the 
sentence in the space to her right again.  The D part is the sign for “what.”  The 
analogical sentence is then split into four pictures of each A : B :: C : ? and presented as a 
freeze frame.  The response sequence then follows in the multiple-choice framework. 
 
 
Figure 3: Appearance of the Analogies Task with Added English Translations 
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The response array presents four options: one option contains a phonological foil to the 
prompt, a second option is a phonological foil to the target, a third option is a semantic 
foil to the target, and a fourth option is the target. If one of the phonological foils is 
selected by participants, this would indicate that the participants are using the surface 
features of the sign to guide their selection.  If they choose the phonological foil to the 
prompt response, then they are only looking at the surface features of the sign and not the 
underlying relationship in the analogical sentence.  If they choose the phonological foil to 
the target response, then participants understand the concept of a relationship in the 
analogical sentence; however, they are still only reasoning at the surface level of the 
question.  If participants select the option that is the semantic foil to the target, then they 
understand the concept of the relationship generally, but may not understand the required 
semantic relationship between the first two analogues examples in the sentence. For each 
question, participants have a 25% chance of guessing the correct answer. 
Development of the Analogies Test 
Initially, 40 analogies questions were developed.  The original 40 questions included 
eight items for the first five sub-constructs.  These questions were given to 27 adult 
native signers. The 20 questions chosen all had an agreement value over 90%, indicating 
that the adults understood the questions and that the questions were likely good ones to 
ask future participants. The 20 questions were then tested in The Learning Center for the 
Deaf in Framingham, MA, on 112 Deaf participants, aged 4–18.  Based on an analysis of 
the results, some of the foils could be considered both semantic and phonological foils.  
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These foils were changed to better distinguish the two types and to improve the overall 
task.  
 
Subsequently, in March of 2014, with the goal of assessing Deaf children’s abilities to 
reason about the phonological parameters of ASL, four additional phonologically-based 
questions were added to the Analogies task bringing the task to a total of 24 questions.   
 
The additional four phonologically based questions were piloted on seven adult Deaf 
native signers from the Boston and Washington, D.C. areas. Three of the four questions 
had at least 85% agreement. Although the fourth question had only 79% agreement, it 
was decided that the information the question provided was interesting, and therefore was 
retained in the task.  
The ASLAI Platform 
The ASLAI depends on an online platform that creates a multiple-choice environment 
with four possible responses for each stimulus item.  The multiple-choice format was 
chosen because it minimizes the number of questions needed to statistically remove 
chance from affecting the data analysis, and the selected foils provide information on 
how participants are processing the question.  For example, in the Analogies subtask, 
three foil types are presented alongside the target: a) semantically related to the target, b) 
semantically related to the prompt analog, and c) phonologically related to the prompt 
analog, and d) correct answer.  Participants who select foils that are phonologically 
related to the prompt are assumed to possess surface level reasoning skills (Novogrodsky, 
  
70
Fish, et al., 2014) When viewing the analogical sentence, they use the surface features of 
the target rather than examining how the first two analogs in the analogical sentence may 
have a relationship that can be inferred and then mapped on to the prompt analog and its 
target. Participants that select the analog that is semantically related to the prompt are 
failing to identify that the analogical sentence has a required relationship. Instead, they 
are looking at the prompts and attempting to find some kind of connection to it. 
Participants that select analogs that are semantically related to the target have deduced 
the relationship evident in the analogical sentence, but were not able to resolve the 
correct answer.  
 
Testing is delivered through the ASLAI platform. The platform is a proprietary design, 
developed from the ground up to ensure the security and confidentiality of all data 
collected from participants. There are six components that are utilized depending on the 
needs of individual tasks: a) a stimulus screen, b) four response screens, and c) a review 
instructions screen. Videos are shown sequentially, starting with the stimulus and 
followed by each of the responses. Responses may be selected by clicking associated 
buttons. The platform also provides options for pausing the task, which logs out 
participants and saves their progress through the ASLAI, where they may re-enter the 
task at the point of the pause. 
 
The testing platform itself consists of five separate phases: a) the log-in, b) the instruction 
phase, c) a practice phase, d) a task phase, and e) a review phase. The log-in phase allows 
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participants to log into the ASLAI task platform. It is designed to maximize 
confidentiality by ensuring that participant names cannot be matched to their data except 
in situations where data is necessary to inform Individual Education Plans (IEPs). 
Participants are given a username and a password ID they can use throughout the testing 
process.  
 
There are two types of instructions in the ASLAI: a) a general introduction to the ASLAI 
and how to interact with it, and b) specific task instructions. The general introduction 
(Figure 4) precedes the task battery and is shown to participants when they first log into 
the ASLAI. The specific task instructions introduce participants to the task they will 
complete and instructs how to interact with that specific task. The task-specific 
instructions also show a practice question and teach participants how to answer task 
specific items on the ASLAI. 
 
 
Figure 4: Overview Explanation of the ASLAI 
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The practice phase reinforces the instructions given in the instruction phase. Participants 
have the opportunity to practice with up to five different practice questions that reflect the 
kind of questions in the task. The first practice question is typically the question shown in 
the task-specific instructions, and to align the practice phase with the instruction phase. 
The design of the practice interface (Figure 3) mirrors the task interface. For example, the 
practice interface for Syntax: Difficult will have four responses and no stimulus. The 
practice interface for Vocabulary: Simple will have a picture stimulus and four responses. 
The practice interface provides feedback to participants by highlighting correct responses 
in green and incorrect responses in red. Participants may select each response to see 
whether or not it is correct. 
 
 
Figure 5: Practice Screen in the ASLAI 
 
The task phase executes the actual task. Participants are not given feedback on whether 
their response is correct. The task will automatically advance to the next question. Tasks 
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in the ASLAI are presented in two formats: a) Static Picture-Dynamic Video, and b) 
Dynamic Video-Dynamic Video.  In Picture-Video format, the stimulus item is presented 
as a picture, and the four response items are shown as video. In Video-Video formats, the 
stimulus item and the four response items are all videos. The basic structure of the 
ASLAI can be viewed in Figure 5.  At the end of the stimuli and responses is a freeze 
frame of the most salient part of the sign.  The purpose of having the freeze frame is to 
reduce the working memory load of the participants (Hoffmeister, 1996). They do not 
have to recall all elements of the sign stream; rather, they only need to remember the 
salient parts of the sign. 
 
The review phase (Figure 6) begins at the conclusion of the task. Participants are given an 
opportunity to return to the questions in the task and change their answer. The review 
phase shows the stimulus of each question and the chosen response. If a participant 
decides to return to a question, the platform will redisplay the question, with the chosen 
response highlighted in blue. Selecting a new response will return the participant to the 
review phase. 
 
Figure 6: A Review Screen in the ASLAI 
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Data collected from the task are securely sent to a database where they are automatically 
scored and compared to other scores in the norming pool.  
 
Analysis of Data: Variables 
Variables required for multiple regression analysis were acquired through a background 
survey that included a ratings spreadsheet, and through databases maintained by schools 
and programs for the Deaf. The following are the independent variables that will be used 
in the regression models, where the dependent variable is percent correct on the 
Analogies task.    
a) Age at Test:  The age of the participant at test taking.  This variable is necessary 
for developmental and age-related knowledge data. 
b) Age at Date of Entry to Current Program: The age of the participant when he or 
she entered the school where testing was conducted.  This variable will provide us 
a general measure for age of exposure to American Sign Language, for Deaf 
children of hearing parents.  The idea behind this variable is to differentiate 
various groups of Deaf children of hearing parents depending on when they were 
most likely exposed to ASL. Note that the age of entry to school is 0 for some 
children because some schools for the Deaf have programs that parents attend 
with their infants.  
c) Parental Hearing Status: Participants were assigned to two overall categories, 
Deaf children of Deaf parents or Deaf children of hearing parents.  These 
categories are a simplified and convenient way of differentiating participants’ age 
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of exposure to ASL and establishing a baseline for comparisons. They have 
proven in past research to be a useful comparison grouping. The idea is that Deaf 
children of Deaf parents are receiving a full, natural language from birth, whereas 
Deaf children of hearing parents may have received minimal ASL exposure until 
they entered the school system, where they were exposed to teachers, interpreters, 
and peers using ASL.  The facts are probably a bit more complicated, since some 
Deaf children of Deaf parents may have been in an oral environment, and some 
Deaf children of hearing parents may have been in a full, signing environment.  
There is no data regarding the previous schooling environment the participants 
came from.  
d) Race/Ethnicity: The race/ethnicity of the participant.   
e) Antonym Overall Scores: The scores from the ASLAI Antonym task. 
f) Synonym Overall Scores: The scores from the ASLAI Synonym task. 
g) Vocabulary: Difficult Overall Scores: The scores from the ASLAI Vocabulary: 
Difficult task. 
h) Vocabulary in Sentence Overall Scores: The scores from the ASLAI Vocabulary 
in Sentence Task. 
i) Vocabulary Composite Score: The vocabulary composite score represents overall 
ASL vocabulary abilities. It is calculated from a simple unweighed mean of the 
scores on the four ASL vocabulary tasks (Antonyms, Synonyms, Vocabulary: 
Difficult, and Vocabulary in Sentence Task). 
j) Analogies Overall Scores: The scores from the Analogies task.  
  
76
a. Analogies: Causal Scores: The scores from the Causal questions on the 
Analogies task. 
b. Analogies: Antonym Scores: The scores from the Antonym questions on 
the Analogies task. 
c. Analogies: Purpose Scores: The scores from the Purpose questions on the 
Analogies task. 
d. Analogies: Whole-Part, Part-Whole: The scores from the Whole-Part, 
Part-Whole questions on the Analogies task. 
e. Analogies Noun-Verb Pairs: The scores from the Noun-Verb Pairs 
questions on the Analogies Task. 
f. Analogies: Phonology: The scores from the Phonology questions on the 
Analogies task.  
k) Student Ratings by Teachers: Schools distributed a ratings questionnaire to 
participants’ teachers and school administrators to fill out and remit to the 
research team.  The questionnaire asked teachers and school administrators to rate 
cognitive and/or linguistic challenges that may influence the ASLAI scores, such 
as learning challenges or autism, using a categorical scale ranked 1–4.  The 
ratings guide sheet can be found in Appendix A. The student ratings data was 
used to differentiate scores on the analyzed tasks in an attempt to identify possible 
undiagnosed challenges participants may have.   
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Participants 
Data for this dissertation was taken from the third revision of the Analogies subtask in the 
ASLAI. Participants who took other vocabulary subtasks used in this study, but did not 
take the Analogies subtask were excluded from analysis. The data originally included 769 
participants. Seventy-nine participants were removed for being older than 18;5.6 One 
hundred nine participants were removed from analysis for scoring less than 26%, or the 
chance level for a four question multiple-choice task. An additional 25 participants were 
removed for being “A-Choosers.” They only selected a single choice, or mostly a single 
choice (e.g. “A” only) more than 60% of the time.  
 
This left 566 test-takers, aged 7;6 to 18;5 (Table 2) to analyze. Four hundred seventy-
seven data records were from unique individuals. The remaining 89 had taken the task at 
least twice. Each attempt was considered a unique data point since they represented 
different age cohorts. Participants who took the Analogies task multiple times represented 
only 16% of the overall population of participants. Although including participants who 
took the Analogies task multiple times technically violates the assumption of independent 
error variances and covariance, the multiple test takers add additional information to the 
analysis because they were a year to a couple of years older than when they first took the 
Analogies task, therefore representing different periods of developmental knowledge 
(Gregg Harbaugh, Personal Communication, 10.26.2015). Three hundred seventy of the 
                                                        
6 Data on participants older than 18;5 were collected for the benefit of the schools. Those 
participants are not generally included in analyses because they are not considered children and 
their data, while potentially very theoretically interesting, is not ideal for developing a test 
instrument on language acquisition in children. 
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participants were Deaf children of hearing parents (65%). The remaining 196 were Deaf 
children of Deaf parents (35%). This study is notable in that we have an exceptionally 
high proportion of Deaf children of Deaf parents relative to the overall population of 
Deaf children of Deaf parents (5–10%) in the country (Mitchell & Karchmer, 2005). The 
following tables in this section show the breakdown of the different demographics of 
participants in this study. Not all the sums for each table add up to 566 because there 
were often missing responses in the background information for each participant. 
 
The data in Table 2 show the overall composition of the participants’ ages in the ASLAI. 
Deaf children of Deaf parents show higher numbers in the younger years, whereas Deaf 
children of hearing parents are more concentrated in the teenage years (approximately 
high school age). 
 
Table 2: Number and Percentage of Study Participants by Age at Test and Parental 
Hearing Status  
Age at Test Deaf children of 
Deaf parents: N (%) 
Deaf children of 
hearing parents: N (%) 
Sum of N 
8 12 (6%) 20 (5%) 32 
9 17    (9) 28    (8) 45 
10 30  (15) 28    (8) 58 
11 25  (13) 29    (8) 54 
12 14  (13) 27    (7) 41 
13 24    (7) 34    (9) 58 
14 25  (12) 47  (13) 72 
15 15  (13) 40  (11) 55 
16 9    (5) 40  (11) 49 
17 10    (5) 35    (9) 45 
18 10    (5) 43  (12) 53 
Sum 193 371 564 
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In addition to age at test and parental hearing status, four other latent background factors 
will be analyzed as predictors: age at date of entry to school, ethnicity, and additional 
disabilities categorized by student ratings. Tables 3, 4, and 5 provide demographic 
information for each latent background factor.   
 
Table 3: Number and Percentage of Study Participants by Age at Date of Entry and 
Parental Hearing Status  
Age Deaf children of 
Deaf parents: N (%) 
Deaf children of 
hearing parents: N (%) 
Sum of N 
0 4 (2%) 2 (.5%) 6 
1 25 (13) 6 (2) 31 
2 25 (13) 12 (3) 37 
3 26 (13) 86 (24) 112 
4 11 (6) 26 (7) 37 
5 15 (7) 25 (7) 40 
6 16 (8) 20 (5) 36 
7 15 (7) 20 (5) 35 
8 11 (6) 20 (5) 31 
9 9 (5) 23 (6) 32 
10 7 (4) 20 (5) 27 
11 6 (3) 18 (5) 24 
12 7 (4) 25 (7) 32 
13 5 (3) 19 (5) 24 
14 3 (2) 14 (4) 17 
15 5 (3) 14 (4) 19 
16 2 (1) 6 (2) 8 
17 1 (.5) 5 (1) 8 
18 0 4 (1) 4 
Sum 157 240 397 
  
Table 3 shows the distribution of Age of Date of Entry for both Deaf children of Deaf 
parents and Deaf children of hearing parents. Age at Date of Entry represents two 
different types of information. The first is when the participant entered the school at 
which the assessments were conducted. The second is, for Deaf children of hearing 
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parents, when the first measurable exposure to ASL began. Seventy-one percent (n = 
397) of the participants in the Analogies subtask entered the school of assessment before 
age 10. The remaining 29% (n = 161) entered after age 10. For Deaf children of Deaf 
parents, 81% (n = 157) entered before age 10, compared to 66% of Deaf children of 
hearing parents (n = 124). The data indicate that Deaf children of Deaf parents tend to 
enter the residential signing schools earlier than Deaf children of hearing parents. 
Additionally, Deaf parents of Deaf children are more likely to enroll their children in 
schools for the deaf before age 3, further increasing the amount and variation of exposure 
to sign language. Furthermore, more than a third of Deaf children of hearing parents in 
the dataset were exposed to ASL after age 10, which is considered very late when it is a 
person’s first substantial (i.e., immersive and on-going) experience with a fully accessible 
natural language (Boudreault & Mayberry, 2006; Mayberry et al., 2002; Mayberry & 
Lock, 2003; Mayberry, 1993).   
 
Table 4: Number and Percentage of Study Participants by Race/Ethnicity and Parental 
Hearing Status   
Race/Ethnicity Deaf children of 
Deaf parents: N (%) 
Deaf children of 
hearing parents: N (%) 
Sum of N 
N/A 3 (2%) 6 (2%) 9 
Asian 9    (5) 21    (6) 30 
Black 9    (5) 38  (10) 47 
Latino 11    (6) 58  (16) 69 
Multiracial 3    (2) 5    (1) 8 
Other 1   (.5) 4    (1) 5 
Pacific Islander 0 41  (11) 41 
White 157  (81) 198  (53) 355 
Total 193 371 564 
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The distribution of ethnicities by parental hearing status is presented in Table 4. Deaf 
children of Deaf parents were 81% White (n = 157) and Deaf children of hearing parents 
were 53% White (n = 198). There is no clear explanation for the greater ethnic diversity 
among Deaf children of hearing parents than Deaf children of Deaf parents 
 
Table 5: Number and Percentage of Study Participants by Student Rating and Parental 
Hearing Status  
Rating Deaf children of 
Deaf parents: N (%) 
Deaf children of 
hearing parents: N (%) 
Sum of N 
1 111 (63%) 80 (25%) 191 
2 28    (16) 85    (27) 113 
3 29    (16) 107    (34) 136 
4 8      (5) 46    (14) 54 
Total 176 318 494 
 
Table 5 lists the distribution of participants by their parental hearing status and student 
rating. Thirty-nine percent (n = 191) of the participants received Rating 1, which suggests 
they have no additional disabilities. Twenty-three percent (n = 115) are in Rating 2 
indicating that co-morbid disabilities were suspected, but not diagnosed. Twenty-eight 
percent (n = 136) are in Rating 3, in which diagnosed learning disabilities were 
categorized. Only 11% (n = 54) have been diagnosed with autism and/or other cognitive 
challenges. Deaf children of Deaf parents account for 58% of the participants labeled as 
Rating 1.  Deaf children of hearing parents are more represented in Ratings 2, 3, and 4. 
For Rating 4, Deaf children of hearing parents account for 85% of the participants.   
 
These data suggest there are crucial differences between Deaf children of Deaf parents 
and Deaf children of hearing parents. Where 63% of Deaf children of Deaf parents have 
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no diagnosed disability and none suspected, only 25% of Deaf children of hearing parents 
received Rating 1 in this study. Over a third of Deaf children of hearing parents have 
some kind of diagnosed learning disability (Rating 3). Such a large number indicates that 
there may be a problematic relationship between a learning disability diagnosis and 
language deprivation. 
 
Baselines for the Analogies Subtask and the Vocabulary Subtasks 
The purpose of this section is to provide baseline information about the Analogies 
subtask and the four Vocabulary subtasks used in this analysis. This information gives a 
general idea of the scores on the Analogies task by parental hearing status. It lends weight 
to some of the analysis done in Chapter 4 and 5. Baseline information will be provided by 
reporting mean percent correct for both Deaf children of Deaf parents and Deaf children 
of hearing parents across the ages 7;6 to 18;5.  
 
 
Figure 7: Baseline Scores on the Vocabulary Sub-Tasks by Age at Test and Parental 
Hearing Status 
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Figure 7 presents the baseline scores on each of the vocabulary subtasks for participants 
aged 7;6 to 18;5 with tick marks every 2.5 years. Mean percent correct on the task is 
represented by a LOESS regression curve.7 The vocabulary tasks on the graphs, from left 
to right are: a) Antonym (ant), b) Synonym (syn), c) Vocabulary: Difficult (vocd), and d) 
Vocabulary in Sentence (vst). Red lines indicate scores for Deaf children of Deaf parents. 
Blue indicate scores for Deaf children of hearing parents. 
 
Deaf children of Deaf parents showed an increase in scoring across the age ranges for all 
four vocabulary subtasks: a) Antonyms (75% – 95%), b) Synonyms (65% – 90%), c) 
Vocabulary: Difficult (55% – 85%), and d) Vocabulary in Sentence (55% – 85%). Deaf 
children of hearing parents also demonstrated an increase in scoring across the age 
ranges, although the score ranges were not as good as Deaf children of Deaf parents: a) 
Antonyms (55% – 78%), b) Synonyms (30% – 75%), c) Vocabulary: Difficult (30% – 
68%), and d) Vocabulary in Sentence (26% – 73%).  
 
Figure 8 shows the baseline for the Analogies subtask and for each of the six Analogies 
sub-constructs. Like Figure 4, the data is graphed by participants aged 7;6 to 18;5 with 
tick marks every 2.5 years 
                                                        
7 LOESS stands for Locally Weighed Smoothing. It is a statistical tool that creates smooth lines 
through datapoints. LOESS is just another way of fitting a regression line through data. 
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Figure 8: Baseline Scores on the Analogies Tasks by Age at Test and Parental Hearing Status  
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The above graph details the mean scores by age for the Analogies task and the six 
Analogies sub-constructs using a LOESS regression curve to plot a line between the 
actual data points. The order of the graphs from left to right are: a) Analogies overall, b) 
Causality, c) Antonym, d) Purpose, e) Phonology, f) Whole-Part, and g) Noun-Verb 
pairs. Red lines graph the results for Deaf children of Deaf parents, and blue lines graph 
the results for Deaf children of hearing parents.  
 
The general trend for both Deaf children of Deaf parents and Deaf children of hearing 
parents was for scores to increase across the age cohorts. For the Analogies task overall 
score, Deaf children of Deaf parents increased from 54% at age 7;6 to 80% at age 18;5. 
Causality, scores ranged from about 60% at age 7;6 to 95% for age 18;5. For Antonym, it 
was 55% to 85%.  Purpose showed scores from 65% to 95%. Phonology was difficult for 
Deaf children of Deaf parents, and scores ranged from 30% to 58%.  For Whole-Part, the 
scores increased from 40% to 75%. Finally, for Noun-Verb Pairs, the range of scores was 
58% to 95%.  
 
In general, Deaf children of hearing parents generally performed worse than Deaf 
children of Deaf parents on the Analogies task and the associated sub-constructs. 
Nevertheless, each age cohort performed better than the previous age cohort. On the 
Analogies task, scores for Deaf children of hearing parents ranged from 45% at age 7;6 to 
68% at age 18;5. For the sub-constructs, the ranges were as follows: a) Causality (45% – 
68%), b) Antonym (45% – 65%), c) Purpose (50% – 78%), d) Phonology (40% – 55%), 
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e) Whole-Part (40% – 68%), and f) Noun-Verb Pairs (55% – 85%).  
 
Predictions  
The research questions from Chapter 1 are reviewed herein and followed by a research 
question, and a prediction of the results. 
 
1. What factors contribute to the development of language-based analogical 
reasoning in Deaf children? In particular, is there a difference in the 
development of language-based analogical reasoning among native ASL users, 
and non-native ASL users? 
H1: Factors other than age predict variability on the Analogies task. Will vocabulary 
proficiency as measured by a composite score of the Synonyms, Antonyms, 
Vocabulary: Simple, Vocabulary: Difficult, and Vocabulary in Sentence tasks predict 
variability on the Analogies task?  
Explanation: The acquisition of complex relational thinking is a cooperative effort 
requiring contributions from several joint cognitive systems, and language knowledge 
abilities. However, taking into account language grouping as a function of native ASL 
and amount of ASL exposure, vocabulary proficiency remains one of the best 
predictors of success on the Analogies task. 
 
2. How do different categories of ASL vocabulary contribute to different types of 
ASL-based language analogies? 
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H1: Synonyms, Antonyms, Vocabulary: Simple, Vocabulary: Difficult, and 
Vocabulary in Sentence will predict some of the variability in the following 
Analogies task sub-constructs: a) Antonyms, b) Causal, c) Purpose, d) Phonology, e) 
Noun-Verb Pairs, and f) Whole-Part: Part-Whole, individually, and in the multiple 
regression results. 
Explanation: Knowledge of complex vocabulary and metalinguistic skills will 
interact differently with different kinds of relational thinking. Vocabulary: Simple 
may predict less of the variability of the different Analogies sub-constructs because 
tasks require complex vocabulary knowledge. 
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Chapter 4:  Results 
 
Research Question 1: What factors contribute to the development of language-based 
analogical reasoning in Deaf children? In particular, is there a difference in the 
development of language-based analogical reasoning among native ASL users and 
non-native ASL users? 
 
The goal of this analysis is to examine how factors other than age influence performance 
on the Analogies task. To do this, a multiple regression was run with each of the 
predictors entered into the model in the order listed in the tables (8, 9) using the 
following predictors: age at test as a continuous variable, age at date of entry as a 
continuous variable, additional disabilities measured by student rating, race/ethnicity, and 
a composite score of Antonyms, Synonyms, Vocabulary: Difficult, and Vocabulary in 
Sentence subtasks. Multi-colinearity was controlled through the composite vocabulary 
score. The first model shows the regression results for Deaf children of Deaf parents, and 
the second model shows the results for Deaf children of hearing parents. Tables 6 and 7 
show descriptive statistics for the two factorial predictors in the regression analyses, 
race/ethnicity, and student rating. Table 6 shows the mean score on the Analogies task for 
different race/ethnic groups by parental hearing status. Table 7 presents the same for 
different student ratings, also by parental hearing status. 
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Table 6: Mean and Standard Deviation for Scores on the Analogies Task by Race/Ethnicity 
Race/Ethnicity Deaf Children of Deaf Parents Deaf Children of Hearing 
Parents 
 Mean SD Mean SD 
White .71 .20 .60 .15 
N/A .68 .15 .70 .15 
Asian .72 .20 .63 .14 
Black .58 .21 .53 .18 
Latinx .67 .16 .58 .19 
Multi-Racial .68 .17 .52 .22 
Other .83 N/A .73 .23 
Pacific 
Islander 
N/A N/A .56 .17 
 
The data show that for Deaf children of Deaf parents, children marked as “Other” scored 
the highest on the Analogies subtask with a mean score of .83 ± 0. Whites, which was the 
reference group in the forthcoming regression analysis, scored .71 ± .20. Asians 
performed slightly better than Whites, scoring .72 ± .20. Both N/A and Multi-Racial 
participants had the same mean score (.68); however, the standard deviation for N/A was 
slightly narrower (.15) than what it was for Multi-Racial Deaf children of Deaf parents 
(.17).  Latinx Deaf children of Deaf parents had a mean score one point fewer than Multi-
Racial and N/A Deaf children of Deaf parent participants (.67 ± .16). Black Deaf children 
of Deaf parents had the lowest mean score of the group with .58 ± .21. There were no 
Deaf children of Deaf parents who were Pacific Islanders. 
 
For Deaf children of Hearing parents, the data show that children who put down Other 
and those who did not provide a race/ethnicity and scored, on average, the highest on the 
Analogies subtask with .73 ± .23, and .70 ± 15 respectively. Asian Deaf children of 
hearing parents (.63 ± .14) had a mean subtask score that was slightly higher than Whites 
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(.60 ± .15), the reference group in the subsequent regression analysis. Latinx Deaf 
children of hearing parents had a mean score of .58 ± .19. Pacific Islanders had a mean 
score of .56 ± .17. Black and Multi-Racial Deaf children of hearing children had the 
lowest scores, with .53 ± .18 and .52 ± .22. 
 
Table 7: Mean and Standard Deviation for Scores on the Analogies Task by Student Rating 
Student Rating Deaf Children of Deaf Parents Deaf Children of Hearing 
Parents 
 Mean SD Mean SD 
1 .77 .16 .63 .18 
2 .60 .21 .60 .18 
3 .64 .18 .59 .18 
4 .47 .16 .48 .16 
 
The data show that for Deaf children of Deaf parents, those who have no additional 
disabilities (student rating 1) had the highest mean score on the Analogies subtask with 
.77 ± 16. Deaf children of Deaf parents who had learning disabilities and Deaf children of 
Deaf parents who were suspected of having a disability but were not diagnosed with one 
had similar mean scores. The former had a mean score of .64 ± 18, and the latter had a 
mean score of .60 ± .21. Deaf children of Deaf parents who were diagnosed with autism 
and other cognitive challenges had a mean score of .47 ± 16.  
 
Deaf children of hearing parents showed a score pattern similar to that shown by Deaf 
children of Deaf parents. Those without disabilities (student rating 1) had the highest 
mean score on the Analogies subtask (.63 ± .18). Those who were suspected of having 
disabilities but were not diagnosed (student rating 2) had a mean score of .60 ± .18, and 
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those who were diagnosed with a learning disability (student rating 3) had a mean score 
of .59 ± .18. Deaf children of hearing parents who were diagnosed with autism and other 
cognitive challenges had a mean score of .48 ± .16 on the Analogies subtask 
 
Table 8: Multiple Regression Conducted on the Analogies Task Percent Correct by 
Parental Hearing Status with Predictor Variables.   
Predictor (Reference 
Variable) 
Deaf Children of Deaf 
Parents (Beta) 
Deaf Children of 
Hearing Parents (Beta) 
Age at Test  .009* .007 
Age at Date of Entry -.002 .001 
Student Rating (1)   
2 -.079** -.006 
3 -.063 -.050 
4 -.269*** -.021 
Race/Ethnicity (White)   
N/A -.092 .081 
Asian .012 -.023 
Black -.096 .063 
Latinx -.040 -.019 
Multi-Racial -.007 .044 
Other N/A -.019 
Pacific Islander N/A -.057 
Vocabulary Composite .761*** .622*** 
N 136 174 
R2 .604*** .506*** 
* p < .05 | ** p < .01 | *** p < .001 
 
The data show that the models in Table 8 predict 60% of the variability of percent correct 
on the Analogies task for Deaf children of Deaf parents, and 51% of the variability for 
Deaf children of hearing parents. For Deaf children of Deaf parents, age was a significant 
predictor. As students aged, they generally scored 1 point higher for each year of age 
when the other predictors were fixed. Over the age range of the task participants (7;6 to 
18;5), scores increased an average of 10 points.  
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Two of the four Student Ratings were also significant predictors. Student Rating 1 
indicates that participants have no diagnosed additional disabilities, and no additional 
disabilities were suspected. Student Rating 1 was used as the reference point in this 
analysis.  Deaf children of Deaf parents with Student Rating 2 (which includes all 
participants who are suspected of having a disability but have not been diagnosed) scored 
8 points lower when compared to scores of Student Rating 1, when all other predictors 
are fixed.  Student Rating 3, which includes diagnosed learning disabilities, was not 
significantly different from Student Rating 1.  Student Rating 4, which includes 
intellectually and cognitively disabled participants (autistic, mentally challenged, etc.), 
scored 27 points lower than Student Rating 1. 
 
In the categorical group labeled Race/Ethnicity, only Black participants scored 
significantly differently than the White participant group. Black participants scored 10 
points lower on average overall than their White counterparts. Finally, the composite 
vocabulary score of the Antonyms, Synonyms, Vocabulary: Difficult, and Vocabulary in 
Sentence tasks was also a significant predictor of percent correct on the Analogies task.  
 
For Deaf children of hearing parents, only the composite vocabulary score was a 
significant predictor of percent correct on the Analogies task. None of the other factors, 
age, age at date of entry, ethnicity, or student rating, were predictive. 
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As part of the multiple regression analysis a beta value was obtained. A high beta value 
indicates that the vocabulary composite score and the analogies task score have the same 
dimensionality.  For both Deaf children of Deaf parents and Deaf children of hearing 
parents, the composite vocabulary score had a relatively high beta value, which was .76 
and .62 respectively.  To further examine the relationship between the vocabulary 
composite score and the analogies task score, a Pearson product-moment correlation 
analysis was run. The relationship between the composite vocabulary score and percent 
correct on the Analogies task was r = .73 for Deaf children of Deaf parents and r = .66 
for Deaf children of hearing parents. The high correlation values provide evidence for the 
likelihood that the Analogies task and the composite vocabulary score assess the same 
underlying construct. 
 
Because the connection between the vocabulary composite score and percent correct on 
the Analogies task was so high for Deaf children of hearing parents, a second multiple 
regression model was generated without the vocabulary composite score as a predictor 
variable. The goal was to find out what the variance predicted by the analysis would be 
without vocabulary knowledge as a predictor. The role of vocabulary knowledge on 
Analogies task performance is so strong for Deaf children of hearing parents, that the 
other predictors are weak compared to it. Without the vocabulary composite score 
predictor in the analyses, the model for Deaf children of hearing parents will show more 
nuanced information. The results of the new analysis are in Table 9. 
 
  
94
Table 9: Multiple Regression Conducted on the Analogies Task Percent Correct for Deaf 
Children of Hearing Parents without the Vocabulary Composite Score as a Predictor 
 
Predictor (Reference Variable) Deaf Children of Hearing Parents (Beta) 
Age at Test  .031*** 
Age at Date of Entry -.006** 
Student Rating (1)  
2 -.033 
3 -.076** 
4 -.193** 
Race/Ethnicity (White)  
N/A -.016 
Asian -.001 
Black -.053 
Latinx -.042 
Multi-Racial -.119 
Other .201* 
Pacific Islander -.105*** 
N 314 
R2 .350*** 
* p < .05 | ** p < .01 | *** p < .001 
 
This model, without the vocabulary composite score, only predicts 35% of the variability 
for Deaf children of hearing parents. The previous analysis in Table 6 predicted 51% of 
the variability for these same children. This suggests that vocabulary knowledge predicts 
at least 15% of the variability in Analogies task scores. As expected, when vocabulary 
knowledge was removed from the analysis, the data show that other factors affect the 
variability. Two of the variables, Age at Test and Age at Date of Entry, are found to be 
significant predictors when all other variables are fixed. Additionally, Student Ratings 3 
and 4 differed significantly from Student Ratings 1, and Other Ethnicities and Pacific 
Islanders differed significantly from Whites.  
 
As Deaf children of hearing parents age, they perform better on the Analogies task, 
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showing developmental progression.  This second model suggests the older they are 
when they enter school, the worse they perform.  
 
There are also significant differences between Student Rating 3, learning disabilities, and 
the reference group, Student Rating 1. Significant differences also exist between Student 
Rating 4 (children who have autism and other mental challenges) and Student Rating 1 
(children who are only deaf). Furthermore, there are significant differences between two 
ethnic groups, Other, and Pacific Islander, and Whites. Those who identify as Other 
outperform White students, but those who identify as Pacific Islanders perform worse. 
The specific ethnic identities represented in the Other category are not known.  
 
Research Question 2: How do different categories of ASL vocabulary contribute to 
different types of ASL-based language analogies? 
 
The analysis for research question 2 focused on how students score on different kinds of 
ASL vocabulary tasks: Antonyms, Synonyms, Vocabulary: Difficult, and Vocabulary in 
Sentence and how these tasks predict the variability of the percent correct on the 
Analogies task. It also examined how vocabulary abilities may predict performance on 
the different sub-constructs in Analogies task. The sub-constructs in the Analogies task 
are: a) Causality, b) Purpose, c) Antonym, d) Whole-Part, e) Noun-Verb Pairs, and f) 
Phonology. Scores were derived using the average of the four items contained in each 
sub-construct.  
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A tear-away stepwise analysis (Cohen, Cohen, West, & Aiken, 2003) was conducted to 
examine how each individual task predicted the variability of performance on the 
Analogies task and its sub-constructs.  First, a regression analysis was conducted using 
all six vocabulary tasks as predictor variables. Then, the regression was conducted 
without the Synonyms task. The third step returns the Synonyms task, but drops the 
Antonyms task. The fourth step returns the Antonyms task, but drops the Vocabulary: 
Difficult task. The final step returns the Vocabulary: Difficult task but drops the 
Vocabulary in Sentence task. By removing the different vocabulary tasks, it is possible to 
track how much variability in the dependent variable (analogies score) is predicted by 
each removed task. The stepwise regression analysis was done for two participant groups, 
Deaf children of hearing parents, and Deaf children of Deaf parents.  
 
Pearson product-moment correlations were run to determine the strength of the 
relationship between percent correct on each vocabulary task and percent correct on the 
Analogies task. Correlations were also evaluated using the vocabulary composite score. 
The analyses were done for both Deaf children of Deaf parents and Deaf children of 
hearing parents. The results are presented in Table 10. 
 
  
  
97
Table 10: Pearson Product-Moment Correlations between the Vocabulary Tasks and the 
Analogies Task  
Task Deaf children of Deaf 
parents (r value) 
Deaf children of hearing 
parents (r value) 
Antonyms .56 .63 
Synonyms .64 .68 
Vocabulary in Sentence Task .67 .61 
Vocabulary: Difficult .65 .69 
Vocabulary Composite  .73 .66 
All correlations are significant at p < .001 
 
The results indicate significant, positive moderate to strong correlations for each of the 
vocabulary tasks and the composite score for both Deaf children of Deaf parents and 
Deaf children of hearing parents. The data show that the correlation coefficients for Deaf 
children of Deaf parents and Deaf children of hearing parents are relatively similar. 
 
Table 11: Stepwise Regression for Deaf Children of Deaf Parents using Analogies Task 
Performance as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .24* . .30*** .25** .35*** 
Antonym .23** .26** . .28*** .25** 
Vocabulary: 
Difficult 
.29* .26** .23** . .30*** 
Vocabulary 
in Sentence 
.34*** .41*** .36*** .41*** . 
R2 .54*** .51*** .53*** .52*** .48*** 
Change in R2 
Value 
. .03 .01 .02 .06 
* p < .05 | ** p < .01 | *** p < .001 
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Table 11 shows the stepwise regression for Deaf children of Deaf parents. The dependent 
variable was performance on the Analogies task. All together, the vocabulary tasks 
predicted 54% of the variability on the Analogies Task.  Further analysis suggests that the 
Vocabulary in Sentence subtask is the best predictor of performance on the Analogies 
task, predicting approximately 6% of the variability. The Synonyms subtask predicted 
3% of the variability. Vocabulary: Difficult predicted 2% of the variability. Finally, 
Antonyms predicted only 1% of the variability.  
 
Table 12: Stepwise Regression for Deaf Children of Hearing Parents using Analogies Task 
Performance as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .33*** . .33*** .37*** .36*** 
Antonym .16*** .19*** . .23*** .17*** 
Vocabulary: 
Difficult 
.23** .41*** .38*** . .18** 
Vocabulary 
in Sentence 
-.06 .02 -.04 .04 . 
R2 .48*** .45*** .49*** .48*** .52*** 
Change in R2 
Value 
. .03 -.01 0 -.04 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 12 lists the stepwise regression results for Deaf children of hearing parents. The 
dependent variable was performance on the Analogies task. The data showed that three of 
the four vocabulary tasks predicted 48% of the variation of the performance on the 
Analogies task.  Further analysis indicates that the Synonyms task predicted the most 
variability, at 3%. The Vocabulary: Difficult task predicted no score variation. The 
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regression model improved by 1% when the Antonyms task was removed, and by 4% 
when the Vocabulary in Sentence Task was removed. When all the vocabulary tasks were 
in the model, each task except for Vocabulary in Sentence proved to be significant 
predictors. In where Vocabulary in Sentence was included as a predictor, differences in 
the results were not significant.   
 
The following analyses follow the same stepwise regression pattern used in the previous 
two analyses. The dependent variables will be the mean sub-construct scores: a) 
Causality, b) Purpose, c) Antonym, d) Phonology, e) Whole-Part, and f) Noun-Verb 
Pairs. 
 
Table 13: Stepwise Regression for Deaf Children of Deaf Parents using the Causality Sub-
Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .19 . .16 .12 .29* 
Antonym .43*** .48*** . .46*** .42*** 
Vocabulary: 
Difficult 
.03 .09 .12 . .24 
Vocabulary 
in Sentence 
.47*** .52*** .54*** .49*** . 
R2 .39*** .38*** .30*** .38*** .30*** 
Change in R2 
Value 
. .01 .09 .01 .09 
* p < .05 | ** p < .01 | *** p < .001 
 
The stepwise regression analysis in Table 13 displays how each of the vocabulary tasks 
predict performance on the causality sub-construct in the Analogies task for the Deaf 
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children of Deaf parents. Two of the vocabulary tasks predicted 39% of the variability on 
the causality sub-construct. The results showed that the Antonyms and Vocabulary in 
Sentence tasks predicted equal amounts of variability, both predicting 9% of the 
variability on the causality sub-construct.  The Synonyms and Vocabulary: Difficult tasks 
also predicted equal amounts of variability, predicting 1% of the variability on the 
causality sub-construct.  In the first step, when all the vocabulary tasks were included in 
the analysis, neither the Synonyms nor the Vocabulary: Difficult tasks were significant 
predictors.  The Synonyms task was the only significant predictor in the analysis, when 
Vocabulary in Sentence was withheld as a predictor. The Vocabulary: Difficult task was 
not a significant predictor in any of the models in which it was included. 
 
Table 14: Stepwise Regression for Deaf Children of Hearing Parents using the Causality 
Sub-Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .24 . .34** .24* .30* 
Antonym .28** .30*** . .35*** .29** 
Vocabulary: 
Difficult 
.25 .42** .43** . .24 
Vocabulary 
in Sentence 
.07 .13 .07 .17 . 
R2 .27*** .22 .27*** .26*** .29*** 
Change in R2 
Value 
. .05 0 .01 -.02 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 14 presents the stepwise regression results for Deaf children of hearing parents. 
The data examined how much of the variability in performance on the causality sub-
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construct was predicted by performance on the vocabulary tasks. For Deaf children of 
hearing parents, only one task, the Antonyms task, predicted 27% of the variability of the 
overall performance on the Causality sub-construct.  Further analysis found that the 
Synonyms task was the best predictor of variability. It predicted 5% of the variability. 
The Vocabulary: Difficult task predicted 1% of the variability. When the Antonyms task 
was dropped from the analysis, the R2 value did not change, indicating the strength of 
Antonyms knowledge as a predictor.  
 
When Vocabulary in Sentence was removed from the analysis, the R2 improved from 
27% to 29%. In the first analysis using the all variables scores, only the Antonym task 
was a significant predictor for the Causality sub-construct. In the second analysis, the 
Antonym and Vocabulary: Difficult tasks were significant predictors. The Synonym and 
Vocabulary: Difficult tasks were significant predictors in the third analysis. In the fourth 
and fifth, only Synonym and Antonym were significant predictors.  
 
Table 15: Stepwise Regression for Deaf Children of Deaf Parents using the Antonym Sub-
Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped (Beta) 
Vocabulary in 
Sentence 
Dropped (Beta) 
Synonym .28 . .42** .36* .48** 
Antonym .17 .17 . .23 .17 
Vocabulary: 
Difficult 
.30 .42** .29 . .46** 
Vocabulary 
in Sentence 
.47** .58*** .42** .57*** . 
R2 .36*** .35*** .37*** .35*** .24*** 
Change in R2 
Value 
 .01 -.01 .01 .12 
* p < .05 | ** p < .01 | *** p < .001 
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Table 15 displays the stepwise regression for Deaf children of Deaf parents, using the 
Antonym sub-construct as the dependent variable. The first analysis, with all four 
predictors, predicts 36% of the variability in performance on the Antonym sub-construct. 
However, only the Vocabulary in Sentence task was a significant predictor. The 
Synonyms and Vocabulary: Difficult tasks both only predicted 1% of the variability in 
the Antonyms sub-construct score. When the Antonyms task was removed from the 
analysis, the model R2 value improved by 1%. The Vocabulary in Sentence task predicted 
a large chunk, 12%, of the variability on the Antonym sub-construct performance. In the 
second analysis, when Synonyms was withheld, Vocabulary: Difficult was a significant 
predictor. In the third model, when the Antonyms task was excluded, the Synonyms task 
was a significant predictor. The Synonyms task was also a significant predictor in the 
fourth model when the Vocabulary: Difficult task was removed. In the final model, when 
the Vocabulary in Sentence task was removed, both the Synonyms and Vocabulary: 
Difficult tasks were significant predictors. 
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Table 16: Stepwise Regression for Deaf Children of Hearing Parents using the Antonym 
Sub-Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped (Beta) 
Vocabulary in 
Sentence 
Dropped (Beta) 
Synonym .29* . .28* .36** .32** 
Antonym .32** .35*** . .39*** .31** 
Vocabulary: 
Difficult 
.24 .40** .54*** . .24 
Vocabulary 
in Sentence 
.01 .1 -.02 .08 . 
R2 .27*** .28*** .24*** .29*** .28*** 
Change in R2 
Value 
. -.01 .03 -.02 -.01 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 16 displays the stepwise regression results for Deaf children of hearing parents. 
The dependent variable for this regression analysis was the score on the Antonym sub-
construct in the Analogies task. Two significant vocabulary tasks, Synonyms and 
Antonyms, predicted 27% of the variability for the Antonym sub-construct. When either 
Synonym or Vocabulary in Sentence was removed from the analysis, the R2 value 
improved by .01%. When Vocabulary: Difficult was removed from the analysis, the 
coefficient of determination improved by .02%. Only the Antonym task predicted any 
variability in the overall analysis (3% of the variability). In the full analysis, with all the 
vocabulary tasks used as predictors, only Synonyms and Antonyms were significant 
predictors. Synonyms and Antonyms were also the only significant predictors in steps 
four and five. When Synonyms was removed from the model, Antonym and Vocabulary: 
Difficult were significant predictors. With Antonym removed from the analysis, both 
Synonyms and Vocabulary: Difficult were significant predictors. 
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Table 17: Stepwise Regression for Deaf Children of Deaf Parents using the Purpose Sub-
Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped (Beta) 
Vocabulary in 
Sentence 
Dropped (Beta) 
Synonym .28 . .37** .29* .42** 
Antonym .28* .28* . .29* .31* 
Vocabulary: 
Difficult 
.03 .14 .11 . .17 
Vocabulary 
in Sentence 
.41** .50*** .41** .43** . 
R2 .29*** .27*** .30*** .31*** .26*** 
Change in R2 
Value 
. .02 -.01 -.02 .03 
* p < .05 | ** p < .01 | *** p < .001 
 
The data for the stepwise regression results for Deaf children of Deaf parents using the 
purpose sub-construct as a dependent variable are presented in Table 17. When all four 
vocabulary tasks in the analysis were included, two tasks significantly predicted 29% of 
the variance. The Vocabulary in Sentence task predicted the most variance, with 3%. The 
Synonyms task predicted 2%. Removing the Antonyms and Vocabulary: Difficult tasks 
improved the R2. With the Antonyms task withheld, the model improved by 1%. With the 
Vocabulary: Difficult task removed, the model improved by 2%. In the full Purpose 
model, only the Antonym and Vocabulary in Sentences tasks were significant predictors. 
This is true also when the Synonyms task was withheld. When the Antonyms task was 
removed from the analysis, the Synonym task became a significant predictor of 
variability, along with the Vocabulary in Sentence Task. When Vocabulary: Difficult task 
was removed from the analysis, the three remaining tasks were significant predictors. 
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Finally, when the Vocabulary in Sentence task was omitted from the Purpose model, only 
Synonyms and Antonyms were significant predictors. 
 
Table 18: Stepwise Regression for Deaf Children of Hearing Parents using the Purpose Sub-
Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped (Beta) 
Vocabulary in 
Sentence 
Dropped (Beta) 
Synonym .38** . .40*** .39*** .47*** 
Antonym .11 .14 . .15 .12 
Vocabulary: 
Difficult 
.14 .38** .23 . .14 
Vocabulary 
in Sentence 
.02 .13 .07 .11 . 
R2 .18*** .18*** .22*** .20*** .24*** 
Change in R2 
Value 
. 0 -.04 -.02 -.06 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 18 lists the stepwise regression for the Purpose sub-construct for Deaf children of 
hearing parents. With all vocabulary items in the analysis, only the Synonyms task was a 
significant predictor. The Synonyms task predicted 18% of the variability for 
performance on the Purpose sub-construct. With the Synonyms task withheld, the 
variability predicted by the analysis remained the same. For the remaining three 
vocabulary tasks, the analysis improved when each task was removed. When Vocabulary: 
Difficult task was removed, the Purpose model improved by 2%. When the Antonyms 
task was removed, the coefficient of determination improved by 4%. Finally, when the 
Vocabulary in Sentence task was removed the Purpose model improved by 6%. The 
Synonyms task was the only significant predictor in four of the Purpose regression 
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models. However, when the Synonym task was removed, the Vocabulary: Difficult task 
was a significant predictor of performance.  
 
Table 19: Stepwise Regression for Deaf Children of Deaf Parents and Deaf Children of 
Hearing Parents using the Phonology Sub-Construct as a Dependent Variable 
Step Deaf children of Deaf 
Parents  
Deaf Children of Hearing 
Parents 
Synonym .29 .20 
Antonym .04 .06 
Vocabulary: Difficult .09 .15 
Vocabulary in Sentence .12 .05 
R2 .10** .07** 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 19 shows the regression analysis for the Phonology sub-construct for both Deaf 
children of Deaf parents and Deaf children of hearing parents. While both models were 
significant (R2= .10 for Deaf children of Deaf parents and R2 = .07 for Deaf children of 
hearing parents), none of the vocabulary tasks were significant predictors in either 
analysis. A differential item functioning (DIF) analysis was conducted as part of a Rasch 
model analysis to determine whether the Phonology items were poorly fit. The results are 
presented in Figure 9. Phonology sub-construct items, 10 and 12, were both over fit, 
indicating that Deaf children of Deaf parents and Deaf children of hearing parents both 
performed worse than expected on these items.  
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Figure 9: Analogies Task DIF Plot for both Deaf Children of Deaf Parents and Deaf 
Children of Hearing Parents 
 
 
 
Table 20: Stepwise Regression for Deaf Children of Deaf Parents using the Phonology Sub-
Construct without Items 10 and 12 as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .60** . .64*** .63** .71*** 
Antonym .25 .33 . .28 .14 
Vocabulary: 
Difficult 
.18 .34 .20 . .12 
Vocabulary 
in Sentence 
-.03 .15 .001 .03 . 
R2 .16*** .12*** .17*** .16 .18*** 
Change in R2 
Value 
. .04 -.01 0 -.02 
* p < .05 | ** p < .01 | *** p < .001 
 
  
108
Table 20 shows the stepwise regression results for Deaf children of Deaf parents with the 
Phonology sub-construct scores re-calculated without items 10 and 12. The data show 
that the Synonyms task was the only significant predictor across the different stepwise 
analysis. The variability predicted with all the vocabulary tasks in the Phonology model 
was 16%. The Synonyms task predicted 4% of the overall variability. 
 
Table 21: Stepwise Regression for Deaf Children of Hearing Parents using the Phonology 
Sub-Construct without Items 10 and 12 as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .48** . .38* .51** .57*** 
Antonym .07 .13 . .09 .07 
Vocabulary: 
Difficult 
-.07 .16 .16 . -.11 
Vocabulary 
in Sentence 
.06 .14 -.001 .02 . 
R2 .08* .05* .08** .11*** .10*** 
Change in R2 
Value 
. .03 0 -.03 -.02 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 21 shows the stepwise regression results for Deaf children of hearing parents with 
the scores for the Phonology sub-construct re-calculated without items 10 and 12. The 
data show that the Synonyms task was the only significant predictor across the different 
models, similar to the results for the Deaf children of Deaf parents. The variability 
predicted with all the vocabulary tasks in the Phonology model was 8%.  The Synonyms 
task predicted 3% of the overall variability. 
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Table 22: Stepwise Regression for Deaf Children of Deaf Parents using the Whole-Part Sub-
Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .41* . .48*** .34 .38* 
Antonym .34* .40* . .39* .48** 
Vocabulary: 
Difficult 
.18 .29 .23* . .32 
Vocabulary 
in Sentence 
.42* .55** .44* .47** . 
R2 .32*** .29*** .31*** .27*** .27*** 
Change in R2 
Value 
. .03 .01 .05 .05 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 22 presents the stepwise regression results for the Deaf children of Deaf parents 
using the Whole-Part sub-construct as the dependent variable. With all the vocabulary 
tasks in the analysis, it predicts 32% of the variability of performance on Whole-Part 
overall analysis with only three significant predictors, the Synonyms, Antonyms, and 
Vocabulary in Sentence tasks. The largest predictors of performance were the 
Vocabulary: Difficult task (5%) and the Vocabulary in Sentence task (5%). Synonyms 
followed (3%) with the Antonyms task predicting the least variability (1%). When the 
Antonyms task is removed, the three remaining tasks were significant predictors. When 
Vocabulary: Difficult was omitted from the Whole-Part model, only the Synonyms task 
was not a significant predictor. 
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Table 23: Stepwise Regression for Deaf Children of Hearing Parents using the Whole-Part 
Sub-Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .47***  .42*** .51*** .41** 
Antonym .19* .22* . .33*** .21* 
Vocabulary: 
Difficult 
.41* .66*** .57*** . .18 
Vocabulary 
in Sentence 
-.29* -.19 -.25* -.13 . 
R2 .26*** .23*** .25*** .25*** .23*** 
Change in R2 
Value 
. .03 .01 0 .03 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 23 lists the regression results for Deaf children of hearing parents. Performance on 
the Whole-Part sub-construct was used as the dependent variable. All the vocabulary 
tasks in the analysis predicted 26% of the variance in performance. The Synonyms and 
Vocabulary in Sentence tasks predicted the most variability with 3% each. The Antonyms 
task predicted 1% and the Vocabulary: Difficult task predicted none of the variability. In 
the full Whole-Part model each of the vocabulary tasks were significant predictors. The 
Vocabulary in Sentence task actually predicted an inverse relationship with performance 
on the Whole-Part task: as Whole-Part task scores increased, Vocabulary in Sentence task 
scores decreased. When the Synonyms task was removed from the model, only the 
Antonym and Vocabulary: Difficult tasks were significant predictors. When the Antonym 
task was removed from the Whole-Part model, all of the remaining tasks were significant 
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predictors. In analyses four and five of the Whole-Part sub-construct, only the Synonym 
and Antonym tasks were significant predictors. 
 
Table 24: Stepwise Regression for Deaf Children of Deaf Parents using the Noun-Verb 
Pairs Sub-Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym -.03 . .10 .09 .10 
Antonym .13 .12 . .25 .12 
Vocabulary: 
Difficult 
.49*** .50*** .55*** . .51*** 
Vocabulary 
in Sentence 
.19 .18 .22 .36 . 
R2 .25*** .26*** .32*** .19*** .24*** 
Change in R2 
Value 
. -.01 -.06 .06 .01 
* p < .05 | ** p < .01 | *** p < .001 
 
The stepwise regression results for Deaf children of Deaf parents for the Noun-Verb sub-
construct of the Analogies task are presented in Table 24. The Noun-Verb Pairs sub-
construct was the dependent variable in this analysis. The full Noun-Verb Pairs model 
including all the vocabulary tasks predicts 25% of the variability in the scoring; however, 
only the Vocabulary: Difficult task was a significant predictor. The Vocabulary: Difficult 
task predicted the most variability at 6%, followed by the Vocabulary in Sentence task 
with 1%. The Noun-Verb Pairs model improved 1% when the Synonyms task was 
withheld, and 6% when the Antonyms task was withheld.  
  
  
112
Table 25: Stepwise Regression for Deaf Children of Hearing Parents using the Noun-Verb 
Pairs Sub-Construct as a Dependent Variable 
Step All 
Variables 
(Beta) 
Synonym 
Dropped 
(Beta) 
Antonym 
Dropped 
(Beta) 
Vocabulary: 
Difficult 
Dropped 
(Beta) 
Vocabulary 
in Sentence 
Dropped 
(Beta) 
Synonym .45*** . .39** .46*** .45*** 
Antonym -.03 .06 . .04 .04 
Vocabulary: 
Difficult 
.18 .38** .26 . .14 
Vocabulary 
in Sentence 
-.12 .03 -.06 -.003 . 
R2 .13*** .11*** .16*** .14*** .16*** 
Change in R2 
Value 
. .02 -.03 -.01 -.03 
* p < .05 | ** p < .01 | *** p < .001 
 
Table 25 lists the stepwise regression results for Deaf children of hearing parents on the 
Noun-Verb Pairs sub-construct of the Analogies task. Performance on the Noun-Verb 
Pairs sub-construct was the dependent variable.  All the vocabulary tasks in the full 
Noun-Verb Pairs analysis only predicted 13% of the variability in performance. The 
Synonyms task was the largest predictor of performance, with 3%, and the only 
significant predictor in the full Noun-Verb Pairs model. With the remaining vocabulary 
subtasks, the model improved when they were removed. When either the Antonyms or 
Vocabulary in Sentence task was removed, the model improved by 3%. When the 
Vocabulary: Difficult task was removed, the model improved by 1%. In each of the steps, 
only the Synonyms task was a significant predictor of performance. When the Synonyms 
task was pulled from the model, the Vocabulary: Difficult subtask was a significant 
predictor. 
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Table 26 lists a summary of the vocabulary subtasks that predicted the most variability in 
their respective analyses. If two subtasks predicted the same amount of variability in an 
analysis, then the subtask whose beta value was higher in the first analysis of the set of 
analyses in a table was chosen. If no subtask predicted any variability, or if removing the 
subtests had a negative change in R2 value, then a N/A was inserted. 
 
Table 26: Summary of the SubTasks that Predicted the Most Variability 
Construct / Sub Construct Deaf children of Deaf 
Parents 
Deaf children of 
hearing parents 
Overall Vocabulary in Sentence (6%) Synonyms (3%) 
Causality Vocabulary in Sentence (9%) Synonyms (5%) 
Antonym Vocabulary in Sentence (12%) Antonyms (3%) 
Purpose Vocabulary in Sentence (3%) N/A 
Phonology Synonyms (4%) Synonyms (3%) 
Whole - Part Vocabulary in Sentence (5%) Synonyms (3%) 
Noun-Verb Pairs Vocabulary: Difficult (6%) Synonyms (2%) 
 
The data show that Vocabulary in Sentence subtask was the best predictor of variability 
for 5 of 7 analysis groups, for Deaf children of Deaf parents. For Deaf children of hearing 
parents, Synonyms also predicted the most variability in 5 of 7 analysis groups. 
 
To sum, vocabulary knowledge was the most significant predictor of percent correct on 
the Analogies task. Background factors such as additional disabilities or race/ethnicity 
also had a significant impact. Although vocabulary knowledge appears to be the best 
predictor of performance on the Analogies task, some kinds of vocabulary knowledge 
may be more conductive for the development of Analogical reasoning in Deaf children.  
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Chapter 5: Discussion 
 
Research Question 1  
What factors contribute to the development of language-based analogical reasoning 
in Deaf children? In particular, is there a difference in the development of language-
based analogical reasoning among native ASL users and non-native ASL users? 
 
The goal of research question 1 was to examine factors that may influence how well 
participants scored on the ASLAI Analogies task. Age at task and age at date of entry 
into the school at the time of assessment were used as continuous variables. The third 
variable was disability, as measured by the student rating. Fourth, race/ethnicity, 
including Whites, Blacks, Latinx, multi-racial, other, Pacific Islanders, and unidentified 
was also included. Finally, a vocabulary composite score was computed, which included 
the average of the mean percent correct on the Antonyms, Synonyms, Vocabulary: 
Difficult, and Vocabulary in Sentence tasks. The vocabulary composite score was also 
used as a predictor variable.  
 
The data show that amount or type of language exposure as measured using parental 
hearing status substantially alters how the predictors influence scores on the Analogies 
task. First, the model for Deaf children of Deaf parents predicted 10% more of the 
variability of Analogies task scores than the same model for Deaf children of hearing 
parents. That indicates that the predictive variables of parental hearing status, and 
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therefore amount of language exposure, show a stronger influence on performance on the 
Analogies task. Deaf children of Deaf parents are more likely to have family 
environments and language exposure that mirror typically developing hearing children. 
Another possible explanation for this difference is that Deaf children of hearing parents 
are a more varied population than Deaf children of Deaf parents, and tend to have more 
variable language exposure (Braden, 1987; Karchmer & Mitchell, 2003; Mitchell & 
Karchmer, 2005, 2006). Language exposure is so key for Deaf children of hearing parents 
that it overshadows other factors that may influence test performance.  
 
The importance of vocabulary knowledge for scoring well on the Analogies task is 
demonstrated in the third analysis representing Deaf children of hearing parents. The 
difference between the second analysis of Deaf children of hearing parents with the 
vocabulary composite score included, and the third model without the vocabulary 
composite score shows that the score accounts for 16% of the variability of the 
percentage correct on the Analogies task. For comparative purposes, the vocabulary 
composite score predicts 23% of the variability on the scores of the Analogies task for 
Deaf children of Deaf parents.  
 
Factors that Predict Scores on the Analogies Task  
The discussion in the following section focuses on the results of the first analysis for 
Deaf children of Deaf parents, and the second analysis for Deaf children of hearing 
parents. The second analysis did not have the vocabulary composite score. 
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Age at Test 
In typically developing children, relational reasoning abilities are tightly tied to age 
(Gentner, 1988; Sternberg, 1977; Sternberg & Nigro, 1980). Few researchers disagree 
with the conclusion that older children reason better than younger children. Analysis of 
the data in this study reached a similar conclusion. As Deaf children age, their ability to 
perform on the Analogical reasoning task improved as well. The development of 
analogical skills, for Deaf children of Deaf parents, is very similar to that of typically 
developing hearing children. When comparing the differences between Deaf children of 
Deaf parents and Deaf children of hearing parents, Deaf children of Deaf parents 
achieved better scores on the analogies task overall.  For each year, Deaf children of Deaf 
parents score 1% more compared to scores of the DCHP. Over the age range of the 
participants in this task, this accounts for approximately a 10% difference; not a small 
amount. Therefore, the data show that provided language, particularly a visual language, 
the reasoning skills of Deaf children are no different than that of hearing children. Nor is 
the developmental path of those reasoning skills. 
 
However, Deaf children of hearing parents appear to have a steeper slope compared to 
Deaf children of Deaf parents. For each year, Deaf children of hearing parents score 3% 
more. The reason Deaf children of hearing parents show stronger relationships between 
age and percent correct on the Analogies task can be explained by the relative stability of 
the slope of their scores, which indicates a slow, steady increase in performance on the 
Analogies task. While Deaf children of Deaf parents have steeper slopes reflecting a 
  
117
rapid increase in scores, they also have steeper dips, or a decline in scores. The dip 
between ages 11 and 12 is severe for Deaf children of Deaf parents. At the age of 12 they 
lose almost 5 points and do not recover until the 14-year-old cohort. The background data 
does not provide exact evidence for why this dip occurs. There is not an influx of Deaf 
children of Deaf parents at this time. There is, however, a large influx of Deaf children of 
hearing parents right about that time. Twenty-three percent of Deaf children of hearing 
parents enter school between the ages of 10 and 13, a huge demographic shift in many 
schools for the Deaf. Classrooms likely grow with new students, many of whom have 
different emotional, linguistic, and behavioral needs from years of mainstreaming and 
language deprivation. There is likely a connection between the influx of Deaf children of 
hearing parents into schools for the deaf, and a decrease in scores for Deaf children of 
Deaf parents.  
 
For teachers of the Deaf, this demographic shift in population creates a dilemma. Many 
incoming students may lack language fluency due to language deprivation and display 
additional disabilities related to this language deprivation.  The question teachers are 
faced with is how should they teach their material? Dips in performance around 12 years 
of age for Deaf children of Deaf parents for the Analogies task, and each of its sub-
constructs, as well as all the vocabulary tasks used in this study (see Chapter 3) suggests 
evidence that teachers of the Deaf may shift their attention to the new students, reducing 
the level of academic language to present the material to be learned. That suggests that 
Deaf children of Deaf parents might be forced to attend classes where the language use of 
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their teachers and peers are not conducive to an environment encouraging high 
achievement. Hoffmeister and Caldwell-Harris (2014) explain that language learning 
requires interaction with more fluent language users in order to be successful. The 
interaction of Deaf children of Deaf parents and Deaf children of hearing parents who 
entered school early, with higher-level academic ASL is effectively stunted by the ingress 
of the new group. This manifests in poorer performance in average scores of language 
assessments, and reduces correlation between age and performance on the Analogies 
task.   
Age at Date of Entry 
In this study age at date of entry means the age at which the student entered the school 
where the data was collected.  Age at date of entry generally represents years of exposure 
to ASL for Deaf children of hearing parents. Most of the Deaf children of hearing parents 
who enter our test schools transfer from non-ASL using programs. In comparison, for 
Deaf children of Deaf parents who tend to be exposed to ASL from birth, Age at date of 
entry does not predict percent correct on the Analogies task. Age at date of entry, for 
Deaf children of hearing parents, though, is a significant predictor. In the tests, for each 
year older that the Deaf children with hearing parents were when they entered the school 
participating in the study, their scores declined accordingly.  
 
The age at date of entry data indicate that 66% of the Deaf children of hearing parents in 
our sample entered school after the age of 10 (Table 3). While it is not possible to 
determine what kind of language exposure these students experienced before they entered 
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an ASL environment, their scores on the ASLAI suggest they were not getting a lot of 
exposure to good language models. 
 
These results are similar to what was found by Henner et al. (2015). Henner et al. found 
that Deaf children of hearing parents who enter residential schools for the Deaf later 
perform much worse on ASL tests of vocabulary and syntax than those who were at the 
bilingual schools from a much younger age.  This suggests that the Deaf children of 
hearing parents who attended the schools from a younger age were exposed to more 
proficient language models, permitting the acquisition of more ASL. In addition, late 
entry Deaf children of hearing parents also had poorer English skills. This data strongly 
suggests that language deprivation adversely affects relational thinking abilities. 
Furthermore, the data show that while schools for the Deaf may not entirely replace the 
home language environment, they do help Deaf children of hearing parents acquire 
language. As a result, this language contributes to improved relational thinking abilities. 
Student Rating 
For Deaf children of Deaf parents, there were significant differences in scores on 
analogical reasoning between Student Ratings 1 and 2.  Student Rating 2 achieved lower 
scores, with an 8-point difference in beta values. This difference is key. If a Deaf child of 
Deaf parents is exhibiting behavior that causes teachers to think that he or she may have 
an undiagnosed problem, then it is likely that there exists an undiagnosed problem that 
can interfere with relational thinking abilities.  
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There were also significant differences between Rating 4, the autistic or intellectually 
disabled participants, and Rating 1. No significant differences existed between Rating 3, 
those with diagnosed learning disability, and the reference group. The fact that there was 
no significant difference between Ratings 3 and 1 show that a learning disability 
diagnosis may not seriously affect Deaf children of Deaf parents’ ability to reason 
relationally. Autism and cognitive/intellectual impairments, however, present serious 
challenges in students’ ability to reason.  
 
In the group of students identified as having diagnosed cognitive and intellectual 
disabilities, there is a 27% difference between Rating 1 and Rating 4 (autistic students 
and students with other cognitive difficulties).  Since many of our participants in category 
4 were diagnosed as autistic or have autistic-like tendencies, our results agree with Shield 
(2014) who points out that a great many Deaf children with autism who have Deaf 
parents also have expressive language deficiencies. In a study of 20 Deaf children with 
autism that used the ASL Receptive Skills Test to determine sign language abilities, the 
mean score of the participants was one standard deviation below average. Three of the 20 
students did not even respond to the task.  Shield also points out that several areas of ASL 
may be considered weak for autistic Deaf children of Deaf parents. These areas include 
spatial and facial grammar and pragmatics. Our results suggest that Deaf children on the 
autism spectrum may also have problems with relational reasoning abilities, even if they 
have Deaf parents.  
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For Deaf children of hearing parents, only Student Ratings 3 and 4 showed significant 
differences from the reference group 1. Scores from students assigned Rating 3 only 
differed from those with Rating 1 by 8 points, while students with Rating 4 differed by 19 
points from students with Rating 1. The lack of a significant difference between Student 
Ratings 1 and 2 is crucial. It suggests that teachers of the Deaf may not be good at 
judging which Deaf children of hearing parents may have undiagnosed issues that impact 
learning, unlike their more accurate assessments of Deaf children with Deaf parents.  
What these teachers may be seeing are the effects of delayed in exposure to language for 
Deaf children of hearing parents, from the lack of access to language in the other types of 
schooling and likely lack ASL in their home environment.  
 
Glickman (2007) argues that language deprivation is the cause of a number of underlying 
issues in Deaf adults. Deaf people have higher rates of mental illness, including post-
traumatic stress disorder (PTSD), addictions, and behavioral challenges than hearing 
people (Anderson, et al., 2015; Black & Glickman, 2006; Glickman, 2007). Language 
deprivation also manifests in shorter attention spans and a lack of impulse control 
(Marschark & Knoors, 2012). For these reasons, even students in this study who were 
classified as not likely to have any disability (Student Rating 1) did not perform any 
worse than those classified as likely to have a disability (Student Rating 3), and most 
interestingly, not that much different from those identified as having a suspected 
disability (Student Rating 2).  The impact of language delay significantly affects Deaf 
students’ ability to learn and reason in school related matters. 
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Race/Ethnicity 
The data show that for Deaf children of Deaf parents, race/ethnicity is generally not a 
factor in predicting percent correct on the Analogies test, given that 81% of Deaf children 
of Deaf parents in this study were White. There is, however, a significant difference 
between Black participants and White participants. Black participants, on average, score 
10 points lower than White participants. One possible reason for this difference is that 
Black students only comprise 5% of the population of Deaf children of Deaf parents in 
this study. Fewer participants mean that the scores are more variable. However, the other 
ethnicities were also few in numbers but did not differ significantly from White students 
in performance. Another possible answer is that Black Deaf children of Deaf parents 
demonstrate an achievement gap that is also seen in typically developing hearing children 
(Anderson, 2012; Fantuzzo, LeBoeuf, Rouse, & Chen, 2012; Krieg, 2011). E. Anderson 
(2012) writes of a “legacy of racial caste” existing in schools that continues to influence 
Black students. This legacy manifests in continued warnings that Black youth, 
particularly Black boys, are at risk from the intractable racism that exists in society. 
These Black students grow up believing that the system is rigged against them; they may 
not try because they believe they may never win. Anderson’s explanation is particularly 
profound given that seven of the nine Black Deaf children of Deaf parent Black students 
are males. Black students also are more likely come from lower socio-economic families 
than their White counterparts. Their families may, because of societal struggles and 
economic difficulties, not be able to provide the key familial support necessary to 
develop resilience in their Deaf children (Listman et al., 2011). No information on 
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socioeconomic status was collected during the background data collection for the ASLAI. 
However, it is likely that systemic racism may have had an effect on Black performance 
on the Analogies task, especially given the history of oppression of the Deaf community 
coupled with additional oppressive attitudes towards Black people (Lane et al., 1996; 
Maxwell & Smith-Todd, 1986; Myers et al., 2010; Taft, 1983). 
 
Deaf children of hearing parents show different patterns for ethnicity than Deaf children 
of Deaf parents. Most importantly, scores from Black participants did not differ from that 
of White participants. However, Pacific Islanders performed much worse than White 
students. While much of the research on achievement gaps focuses on the Black/White 
dichotomy, similar achievement gaps exist for other races, including Pacific Islanders 
(Browne, Mokuau, & Braun, 2009). Browne et al. (2009) wrote that Pacific Islanders 
tend to have higher rates of disabilities, substance and child abuse, and other mental 
challenges than other populations on the islands. These challenges come from a history of 
systemic oppression and cultural genocide, similar to what Black people have 
experienced. Much of the discussion on Black student achievement is applicable here, 
with some key differences. Many of the Deaf children who are native Pacific Islanders 
internalize this systemic oppression. For them, learning at schools for the Deaf is largely 
about acquiring a sign language and a print language from ha’ole (White people) that 
may not be theirs, coupled with the classic educational battle about language ideology. 
For Pacific Islanders, these challenges are evident. Many are born on isolated islands in 
the Pacific and grow up without any language, except for that which they generate 
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themselves, similar to homesigners (Goldin-Meadow & Mylander, 1984). Only when 
they are older do they transfer to the larger Hawaiian islands and meet Deaf adults.   
However, by that time, they are well past the critical period for sign language acquisition 
(Mayberry, Chen, et al., 2011; Mayberry & Eichen, 1991). 
 
Vocabulary Composite Score 
The data show that vocabulary composite scores and the analogies task score share a 
similar dimensionality. This is evidence that vocabulary, as measured by a vocabulary 
composite score, and relational thinking, as measured by percent correct on the Analogies 
task may share the same latent trait.  
 
The fact that high performance on ASL vocabulary tasks corresponds to high 
performance on an ASL analogies task follows the research on the connection between 
vocabulary and relational reasoning abilities (Baldo, Bunge, et al., 2010; Baldo, 
Dronkers, et al., 2005; Gentner et al., 2009; Goswami, 1989). ASL vocabulary 
knowledge represents concept knowledge. Vocabulary is vocabulary, regardless if it is 
spoken, signed, or printed. In Chapter 3, the writings of Vygotsky (1986/1934) were 
discussed as a way to give context to the idea that vocabulary knowledge equates with 
concept knowledge (e.g. Anderson & Freebody, 1985). As Vygotsky explains, a sign 
without meaning is an empty sign. Possessing knowledge of a sign (lexical item) and how 
to use it in various contexts demonstrates mastery of not only the sign itself, but the 
concept behind it. Therefore, children who understand that ASL signs can relate to signs 
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with opposite meanings, or even a different sign that has the same meaning are likely able 
to recognize the fundamental relationships between words as things and concepts.   
 
Performance on an analogies task may be dependent on contextual knowledge as much as 
relational thinking abilities (Goswami, 1991). In those respects, doing well on a classical 
analogies task requires that participants not only know how to map relationships, but also 
understand what the words in the analogical sentence mean in context. Although 
performance on an analogies task may be heavily dependent on contextual knowledge 
and therefore vocabulary knowledge, there may still be other skills and cognitive 
domains that underlie relational thinking (Gentner et al., 2009; Rattermann & Gentner, 
1998). For Deaf children of Deaf parents, the strongest predictor of performance on the 
Analogies task was the Vocabulary in Sentence task, followed by Synonyms. For Deaf 
children of hearing parents, the strongest predictor of performance on the Analogies task 
was Synonyms. While both vocabulary tasks were assessments of vocabulary abilities 
and therefore context knowledge tasks, they were also tasks of metalinguistic judgment. 
The metalinguistic judgment required to perform well on those two tasks necessitated 
knowledge of relationships between words and their breadth of meanings, or words and 
their meaning in context of a sentence. 
 
For Deaf children of hearing parents, the importance of vocabulary knowledge in 
performing well on the Analogies task is so strong that it overrides the other independent 
variables, such as race/ethnicity or student rating, in the analysis. Indeed, it seems that it 
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does not matter what ethnicity a Deaf child of hearing parents is, or what their disability 
is. The only thing that matters is that he or she is able to use his or her vocabulary 
knowledge to score well on the Analogies task. 
 
The lack of a relationship between performance on the Antonyms task and score on the 
Antonym sub-construct on the Analogies task is strong evidence that relational thinking 
is a skill separate from context knowledge. Knowledge about Antonyms does not transfer 
to an ability to reason about Antonyms. Were relational thinking and context knowledge 
entwined, then it would follow that percent correct on the Antonyms task would predict 
percent correct on the Analogies task, but this was clearly not so in the data gathered in 
this study. Various researchers have theorized on what more than vocabulary knowledge 
is necessary for reasoning well. Richland, Morrison, and Holyoak (2006) suggest that the 
capacity to refrain from selecting distractors quickly is helpful. Richland and Burchinal 
(2013) point to executive functioning as a critical component in the development of 
relational thinking. Both inhibitory control and executive functioning are cognitive skills 
that most researchers maintain that Deaf children are either lacking or deficient in 
(Marschark & Knoors, 2012). Nevertheless, the successful performance of Deaf children 
of Deaf parents on the analogies task call Marschark and Knoors’ (2012) conclusions into 
question. 
 
One possible explanation for defining the underlying skills that underlie relational 
thinking can be found in language research from other countries. Coppola and Henner (in 
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prep) found that skills other than vocabulary appear to be necessary for the development 
of relational thinking.  Their study gave four Raven’s Progressive Matrices books to child 
homesigners; adult homesigners; and hearing, non-educated, Spanish-fluent adults. None 
of the groups performed well on the matrices. Coppola and Henner hypothesized that 
academic language contributes substantially based on the fact that hearing Spanish-
speaking adults who had not attended school did not perform well on relational thinking-
based items on Raven’s Progressive Matrices.  
 
Research Question 2  
 
How do different categories of ASL vocabulary contribute to different types of ASL-
based language analogies? 
 
Since the statistical analysis for this research question was extensive, the discussion will 
be split into three main sections. The first section will discuss the relationships between 
the four vocabulary tasks, Antonyms, Synonyms, Vocabulary: Difficult, and Vocabulary 
in Sentence Tasks and the Analogies task. The second section will examine the 
relationships between the four vocabulary tasks and the six sub-constructs that make up 
the Analogies task: Causality, Antonyms, Purpose, Whole-Part, Noun-Verb Pairs, and 
Phonology.  
The Relationship between the Four Vocabulary Tasks and the Analogies Task 
The vocabulary tasks each had different correlation coefficients between the Analogies 
task. These vocabulary task coefficients were different between Deaf children of Deaf 
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parents and Deaf children of hearing parents, even though the difficulty of the vocabulary 
tasks were similar for both groups. The order of difficulty of the vocabulary subtasks 
from easiest to hardest for both groups was: a) Antonyms task, b) Synonyms task, c) 
Vocabulary in Sentence Task, and d) Vocabulary: Difficult task. For Deaf children of 
Deaf parents, the Antonyms task had weaker correlations between the Analogies task 
compared to the Vocabulary in Sentence task even though the Vocabulary in Sentence 
task was more difficult. In comparison, the Deaf children of hearing parents had weaker 
correlations between the Vocabulary in Sentence task and the Analogies task than 
between the Antonyms and the Analogies task. This was in spite of the fact that the 
Vocabulary in Sentence task is much more difficult than Antonyms for Deaf children of 
hearing parents. Because the correlations of the vocabulary tasks with the Analogies task 
were not very different from each other, it is likely that the three advanced vocabulary 
tasks (Synonyms, Vocabulary: Difficult, and Vocabulary in Sentence Task) assess similar 
fundamental constructs. The same skills that make a participant successful on the 
Synonyms task would likely make them successful on the Vocabulary in Sentence task. 
Performance on the different tasks therefore represents varying degrees of ability in 
vocabulary knowledge, test taking ability, and manipulating contextual information. In 
design, the three advanced vocabulary tasks all require knowledge of advanced ASL 
vocabulary and necessitate metalinguistic judgment skills in order to answer the 
questions (Henner, Hoffmeister, & Caldwell-Harris, in prep).  
 
For Deaf children of Deaf parents, each vocabulary task was a significant predictor of 
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performance on the Analogies task. The four tasks combined predicted a little more than 
half the variance in performance on the Analogies task. Of the four vocabulary tasks, 
Vocabulary in Sentence task accounted for the most variability, followed by the 
Synonyms task, Vocabulary: Difficult task, and finally, Antonyms task. The order of the 
vocabulary tasks demonstrates the different cognitive abilities required to perform well 
on each of the different vocabulary tasks. To solve a question in the Vocabulary in 
Sentence task, participants need to not only know the definition of an ASL vocabulary 
lexical item, but how to use it in a sentence and how context might be used to determine 
it meaning. These skills mirror the steps necessary to solve an Analogies problem. 
Correctly solving a question using the componential processes (Sternberg, 1977; 
Sternberg & Nigro, 1980) discussed in Chapter 2, the Vocabulary in Sentence task 
requires that participants first encode the vocabulary item. They have to determine what 
the word/sign means out of its typical contextual format. They then need to encode each 
of the provided sentences and then infer the meaning of the vocabulary item within each 
of the sentences by mapping the vocabulary item onto the sentence and then trying to 
determine if it’s logically and correctly applied. The less demanding vocabulary tasks do 
not predict as much of the variability since the vocabulary knowledge itself is only part of 
what is required to solve an analogies relationship.  
 
The percent correct predicted by the Synonyms and Antonyms tasks reflect the discussion 
on the inherent differences in the tasks as described in Novogrodsky, Fish et al. (2014). 
Novogrodsky, Fish, et al. propose that for Deaf children, identifying a word’s or sign’s 
  
130
synonym is more difficult than identifying an antonym because the steps required to 
understand the concept “opposite” are simpler than the path to understanding the concept 
that words or signs can have multiple meanings. Novogrodsky, Fish et al. concludes that 
the Synonyms task “… is a complex metalinguistic task that requires an understanding of 
the nuances of language…” (p. 228). Understanding the nuances of language is also 
required in analogical reasoning. The Vocabulary: Difficult task predicted slightly more 
variance than the Antonyms task, suggesting a more in depth understanding of the 
metalinguistic components. This makes sense, given that matching a definition with the 
requisite vocabulary item requires that participants link vocabulary items through their 
meaning.  
 
For Deaf children of hearing parents, only the Synonyms, Antonyms, and Vocabulary: 
Difficult tasks were significant predictors of performance on the Analogies task. All 
together, these three tasks predicted 48% of the variance. Of the three tasks, only the 
Synonyms task predicted positive changes in the variance. When the correlations between 
the tasks were analyzed, the Synonym task obtained the strongest association with the 
Analogies ability for Deaf children of hearing parents. The negative relationships 
between the Antonyms, the Vocabulary: Difficult and the Analogies tasks are not easily 
explained as each task has slightly different cognitive and linguistic underpinnings. The 
Vocabulary: Difficult task requires contextual knowledge of key and less frequent ASL 
vocabulary, which many Deaf children of hearing parents do not have access to. The 
Vocabulary: Difficult task requires knowing the meanings of the signs and the ability to 
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link the definitions to these signs/words. Deaf children of hearing parents may not have 
the opportunity to learn new ASL vocabulary signs through definitions. Instead, they 
most likely learn them contextually from their peers, or directly taught by their teachers if 
they are in a signing-positive environment. This variation in learning does not always 
avail them to exposure and development of dictionary definitions of signed vocabulary 
(Beck, McKeown, & Kucan, 2013; Gardner, 2007). 
The Sub-Constructs 
For purposes of discussion, the six sub-constructs of the Analogies task will be divided 
into two separate groups. The first group: Causality, Antonym, Whole-Part, and Purpose, 
all had similar coefficient of determination (R2) values for both Deaf children of Deaf 
parents, and Deaf children of hearing parents. The second group, Noun-Verb Pairs and 
Phonology, have relatively similar coefficient of determination values for both participant 
groups. The groupings will help structure the discussion. 
Causality, Antonym, Purpose, and Whole-Part 
Causality and Purpose 
This section discusses the relationship between the Causality, Antonym, Whole-Part, and 
Purpose subtasks of the Analogies task and the vocabulary tasks.  For Deaf children of 
Deaf parents, only the Antonyms and Vocabulary in Sentence tasks were significant 
predictors of performance on the Causality and Purpose sub-constructs. The Antonyms 
and Vocabulary in Sentence tasks predicted 39% of the variability for Causality sub-
construct, and 29% of the variability for Purpose sub-construct. Because the same 
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vocabulary tasks were significant predictors for both Causality and Purpose sub-
constructs, it suggests the same underlying cognitive skills are used. Deaf children of 
Deaf parents may not differentiate between a causal sentence and a purpose, or a 
function-based, sentence. In the example S3:  
 S3: FORK : SPEAR-FOOD :  X 
The use of SPEAR, could be seen as a causal consequence of FORK, especially in a verb-
biased language like ASL (Anible et al., 2015). The role of antonyms in reasoning about 
causal and purpose relationships is surprising given that solving antonyms requires 
understanding of opposites rather than deep metalinguistic judgment skills 
(Novogrodsky, Caldwell-Harris, Fish, & Hoffmeister, 2014; Novogrodsky, Fish, et al., 
2014). When the Antonyms task was removed from the model, the coefficient of 
determination improved by 1% for the Purpose sub-construct but for Causality, the 
Antonyms task accounted for 9% of the variability. The reason that the Antonyms task 
predicted such a high percentage of the performance in causality could be that the 
directness of solving an antonym item is beneficial for solving a causal relationship, 
where the relationship is much more direct. 
 
The Antonyms task was the only significant predictor of performance on the Causality 
sub-construct of the Analogies task for Deaf children of hearing parents. All four 
vocabulary tasks predicted 27% of the variability on the Causality sub-construct.  The 
role of Antonyms for assisting in performing on the Causality sub-construct may be 
similar to the role it had for Deaf children of Deaf parents. Understanding the directness 
  
133
of opposites may contribute to understanding a direct relationship between cause and 
effect. 
 
The Synonyms task was the only significant predictor of performance on the Purpose 
sub-construct; however, all four variables in the analysis predicted 18% of the variability 
on the Purpose sub-construct score. That Deaf children of hearing parents rely on 
Synonyms for solving Purpose questions again demonstrates the effect of language 
deprivation for them. The lack of early exposure to ASL constrains the development of 
the metalinguistic judgment skills that are needed to solve the more difficult tasks like the 
Vocabulary in Sentence task.  More basic skills are sufficient to solve some of the 
analogies, such as those associated with single meanings, but higher-order reasoning 
skills are needed to recognize signs that can be associated with underlying shared 
meaning of associated signs. Understanding that a single meaning can have a relationship 
with different signs/words applies to understanding the relationship between an object 
and its function. 
Antonyms 
This section discusses the vocabulary tasks and their relationship to the Antonym sub-
construct in the Analogies task.  When four vocabulary tasks were used in the regression 
analysis, they predicted 36% of the variability for the Antonym sub-construct for Deaf 
children of Deaf parents; however, only the Vocabulary in Sentence task was a 
significant predictor of performance. The Vocabulary in Sentence task predicted 12% of 
the variability in performance. Although both the Antonyms task and the Antonyms sub-
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construct of the Analogies task required participants to match opposites, the Antonyms 
task did not predict any of the variability in performance. Knowledge of antonyms is not 
sufficient for solving antonym analogies. There is a difference between a simple opposite 
matching task, such as the Antonyms task, and a relational thinking task which required 
participants to identify that the sentence requires an opposite relationship. For this type of 
higher-order cognitive skill, the Vocabulary in Sentence task requires the same kind of 
underlying metalinguistic skills required to solve an analogies sentence item.   
 
For Deaf children of hearing parents, when all four vocabulary tasks were used in the 
analysis, it predicted 27% of the variability on the Antonyms sub-construct. Of the four, 
only the Synonyms and Antonym tasks were significant predictors of performance. When 
the Synonyms task was removed performance improved by 1%.  The Antonyms task 
itself predicted 3% of the variability. The data show that Synonyms again provides the 
metalinguistic underpinning for solving analogical reasoning sentences.  
 
The significance of the Antonyms sub-task being a predictor for Deaf children of hearing 
parents and not Deaf children of Deaf parents indicates crucial differences in how the 
participant groups approach analogies problems. Evidence from other research suggests 
that Deaf children of hearing parents approach linguistics tasks at the surface level 
(Novogrodsky, Caldwell-Harris et al. 2014).  Hence, Deaf children of hearing parents 
may also be approaching reasoning tasks, such as the analogical sentence for example, on 
a surface level. They are looking for a direct relationship rather than thinking about 
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relationships at more abstract levels. Therefore, tasks like the Antonyms task will not 
transfer to the Analogies Antonym sub-construct. Deaf children of hearing parents may 
not be examining the opposite relationship, but simply looking for the opposite of the 
analog.  
 
Whole-Part 
This section addresses the factors relating to the relationship of the ASL vocabulary tasks 
and the Whole-Part sub-construct in the Analogies task.  In the Analogies task, the 
Whole-Part sub-construct was designed to provide questions about super-ordinate 
(Whole) and sub-ordinate (Part) semantic categories. An example can be found in S4: 
 S4: FACE : EYES :: HAND : ? (FINGERS)  
The four ASL vocabulary tasks predicted 32% of the variability in performance on the 
Whole-Part sub-construct for Deaf children of Deaf parents.  Of the four tasks the 
Vocabulary: Difficult task was not a significant predictor. The Vocabulary in Sentences 
task predicted the most variability with 5%, followed by Synonyms at 3%.  Antonyms 
predicted the least variability with 1%.  
 
The strength of the Vocabulary in Sentences task further supports that having control of a 
variety of linguistic strategies that underlie relational thinking are useful for solving 
problems on the Whole-Part sub-construct. Knowledge of Synonyms also helps because 
Deaf children of Deaf parents may consider super-ordinate and sub-ordinate lexical items 
as hailing from the same hierarchical exemplar families and process them accordingly. 
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FACE and EYES (S4) are related in a number of ways.  The reasoning strategy requires 
one to identify the correct analogical relationship provided in the first sentence and use 
that to discriminate among the various relationships required to produce a response. 
Therefore, the ability to recognize the connections between two signs/words that may 
have strong relationships can be helpful in solving Whole-Part relationships. 
 
For Deaf children of hearing parents, the four ASL vocabulary tasks predicted 26% of the 
variability on the Whole-Part sub-construct. Each of the tasks was a significant predictor. 
Although the Vocabulary in Sentences task predicted 3% of the variability, the slope is 
negative, suggesting a very weak inverse relationship. Synonyms also predict 3% of the 
variability with 3%.  The Antonyms task predicts only 1% of the variability and the 
Vocabulary: Difficult task predicts no variability, as shown by the change in the 
coefficient of determination when they were withheld from the analysis. The data suggest 
that Deaf children of hearing parents do not have control of a wide variety of vocabulary-
based analytical strategies. One area in which they lack control is in the use of context to 
assist in determining meaning.  This would suggest that their strategy for solving the 
Whole-Part analogy is to focus on the relationship between the signs.  This is supported 
by the low-strength but significance of their approach to solving the Synonyms and 
Antonyms tasks.  The fact that the Vocabulary: Difficult task adds little variability further 
demonstrates access to a narrow set of strategies available to solve the relationship in the 
whole-part sub-construct.   
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Noun-Verb Pairs and Phonology 
Noun-Verb Pairs 
This section addresses the factors relating to the relationship of the ASL vocabulary tasks 
and the Noun-Verb Pairs sub-construct in the Analogies task.  Both Noun-Verb Pairs and 
the Phonology sub-constructs examine participants’ abilities to reason about the 
relationships between the phonological and morphological parameters in ASL. Noun-
Verb Pairs differs from Phonology in that the former examines a single 
morphophonological parameter, movement, in the production of many signs. A single 
movement indicates a verb, repeated identical movements represents a noun (Supalla and 
Newport, 1978). Changes in the movement morphology can be considered a derivational 
process of modifying verbs to produce nouns. 
 
Participants must understand the relationship between movements and their meanings in 
ASL. For Deaf children of Deaf parents, when all four vocabulary tasks were in the 
analysis, the model predicted 25% of the variability in performance on the Noun-Verb 
Pairs sub-construct in the Analogies task.  However, only the Vocabulary: Difficult task 
was a significant predictor. One possible explanation for why the Vocabulary: Difficult 
task predicted performance on the Noun-Verb Pairs sub-construct is that it requires 
understanding the relationship between morphological components that are related. In 
this case understanding that one type of movement defines a verb, and the other type of 
movement results in a noun. It could be that Deaf children of Deaf parents do not process 
Noun-Verb Pairs as solely a phonological change, but rather, as a form-meaning 
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connection. The singular movement of verbs incorporates clear path and directionality, 
which are important parts of verbs of motion (Schembri, 2005). Understanding the 
distinction between verbs and nouns also demonstrates that Deaf children of Deaf parents 
can clearly distinguish between movement-based minimal pairs in ASL vocabulary, and 
that changes in phonology lend itself towards derivational changes. This is a skill that 
Deaf children of hearing parents lack, and becomes especially apparent when looking at 
the scores of Deaf children of hearing parents.   
 
The four ASL vocabulary tasks predicted 13% of the variability on the Noun-Verb Pairs 
sub-construct in the scores of the Deaf children of hearing parents. Of the four ASL 
vocabulary tasks, only the Synonyms task was a significant predictor. This suggests that 
Deaf children of hearing parents may process Noun-Verb Pairs much like they process 
Synonyms. The different movements operate in their lexicon as two different forms of 
with similar meaning. The signs, TO-FLY and PLANE, where the movement in the verb 
is an extended path and the movement for the noun is a shorter path rapidly repeated may 
not be seen as meaning different things. These changes or variations in movement may 
not be understood as having different meaning across these types of derivational process. 
This interesting difference in how Deaf children of hearing parents may perceive noun-
verb pairs could come from how hearing teachers of the deaf sign: it is likely that hearing 
teachers of the deaf who are L2 signers may confuse the noun and the verb when signing 
by using one form (typically the verb) to represent both meanings. This would influence 
the Deaf children of hearing parents to perceive them as the same sign.  Unfortunately, in 
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many cases, the signing of hearing teachers of the Deaf is often not much better than the 
hearing parents of their students (Pagliaro & Ansell, 2002, 2012).  
 
Phonology 
This section addresses the factors relating to the relationship of the ASL vocabulary tasks 
and the Phonology sub-construct in the Analogies task.  In the Analogies task, the 
Phonology sub-construct was designed to provide questions that require an understanding 
of the phonological components of a sign.  In this case, the phonological components are 
the handshape, the location, the movement, and the palm orientation.  The amount of 
variance of the Phonology sub-construct predicted by the four ASL vocabulary tasks was 
very little for both Deaf children of Deaf parents (10%) and Deaf children of hearing 
parents (7%). None of the ASL vocabulary tasks were significant predictors for either 
participant group. As Phonology was the weakest sub-construct for both Deaf children of 
Deaf parents and Deaf children of hearing parents, it is likely that neither participant 
group had adequate training looking at the relationships between ASL surface features. 
The shift to a phonological analysis may not have been obvious to the students.  The 
other questions trained them to look at contextual relationships between meaning rather 
than surface features that combine to produce a sign.  When two of the most difficult 
questions (Items 10 and 12) were removed from the analysis, the change resulted in the 
Synonyms being the best predictor of performance on the Phonology sub-construct for 
both Deaf children of Deaf parents and Deaf children of hearing parents. This is an 
interesting finding is it demonstrates that examining the surface features of signs for a 
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relationship is very similar to examining different signs to see if they have the same 
meaning. One possibility for why this occurred is that many signs within the same 
semantic family also share phonological features. More specifically, handshape is 
perceived categorically for fluent signers (Morford, Grieve-Smith, MacFarlane, Staley, & 
Waters, 2008). 
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Chapter 6: Summary and Conclusion 
 
Sharpe (1985) asserted that access to oral language is necessary for developing language-
based reasoning skills. In the conclusion of her study, she wrote 
 
“…it provides evidence that the loss of normal speech and hearing may constitute 
more than the loss of a major vehicle for expression. The oral-aural mode may 
affect more importantly what lies behind an overt expression: the development of 
abstract thought” (p. 45). 
 
This dissertation argued against that, and showed that the visual modality can promote 
the development of language-based analogical reasoning in Deaf children. I examined 
how language knowledge influences the development of a higher order cognitive skill: 
language-based analogical reasoning. It also examined factors that influenced the 
development of analogical reasoning in Deaf children. It looked at background factors, 
such as age, language exposure as measured by parental hearing status, and additional 
disabilities, and their effects on the development of analogical reasoning. It also looked at 
how different kinds of vocabulary knowledge predicted how well Deaf children could 
reason using analogical reasoning skills. The analyses in this dissertation were intended 
to answer two research questions: 
 
1. What factors contribute to the development of language-based analogical reasoning in 
Deaf children? In particular, is there a difference in the development of language-
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based analogical reasoning among native ASL users and non-native ASL users? 
2. How do different categories of ASL vocabulary contribute to different types of ASL-
based language analogies? 
 
For research question 1, it was found that a composite score consisting of the unweighted 
means of the Antonyms, Synonyms, Vocabulary: Difficult, and Vocabulary in Sentence 
tasks which represents vocabulary knowledge is the strongest predictor of percent correct 
on the Analogies task for both Deaf children of Deaf parents and Deaf children of hearing 
parents. This suggested that all other factors aside, the best predictor for success on a 
relational thinking task is the amount of vocabulary knowledge children have and the 
ability to make connections between concepts and vocabulary they know and concepts 
and vocabulary they do not know. For Deaf children of hearing parents, the strength of 
vocabulary knowledge as a predictor blocks other factors from showing up as predictors 
in a regression model. Only when vocabulary composite scores are removed from the 
regression model do other factors emerge as predictors. This suggested that for a 
population that faces language deprivation, language exposure is more important than 
other mitigating factors. There were significant differences between Deaf children of 
Deaf parents and Deaf children of hearing parents in the factors that predict percent 
correct on the Analogies task. These differences point to the variation in language 
experiences and unique challenges that each group has due to the amount and kind of 
language they are exposed to. This points to the use and need for language in the 
development of relational thinking. 
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For research question 2, analysis showed that the Vocabulary in Sentences task and the 
Synonyms task most consistently predicted percent correct on the Analogies task and its 
sub-constructs. While this presents additional evidence for the role of vocabulary in 
developing language-based analogical reasoning in Deaf children, the task types that 
were most successful in predicting percent correct required more than just knowing a lot 
of vocabulary words to be successful. The more difficult tasks required knowledge of the 
depth of vocabulary.  For example, depth of vocabulary indicates how much one knows 
about how vocabulary items function, their relationship to other items, whether they are 
derived forms, etc.  
 
Novogrodsky, Fish, and Hoffmeister (2014) point out that performance on the Synonyms 
task (as measured by percent correct) provides evidence that participants possess 
vocabulary depth. Hoffmeister (1994) explains that knowledge of Synonyms requires 
knowledge of direct definitions and also requires contextual knowledge. To know that 
BOLT/FLEE is a synonym of RUN (CL:BENT-L), participants must identify the 
meaning of the run and BOLT/FLEE SIGNS and recognize that they share a relationship. 
Additionally, they can also be used in similar contexts, a skill which transfers to 
understanding the Vocabulary in Sentence task. 
 
While the skills successfully transfer from the Synonyms task to the Vocabulary in 
Sentences task, there exists a difference in the quality of the skills between the two tasks. 
The Vocabulary in Sentences task is an extremely difficult task for Deaf children of 
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hearing parents. Furthermore, not enough Deaf children of hearing children score well on 
the Vocabulary in Sentence task to explain the variance on the Analogies task scores 
well. To be successful on the Vocabulary in Sentences task, participants need to not only 
understand what specific sign are used for and how they would function in context the  
(e.g. RUN for running or operating a machine). Therefore, students need to access and 
interpret how the classifier nouns relate to meaning of the verb phrase and the different 
noun phrases in the given sentences. It also appears that the skills necessary to succeed on 
the Synonyms task are much more crucial for Deaf children of hearing parents to perform 
well on the Analogies task. 
 
A striking difference between Deaf children of hearing parents and Deaf children of Deaf 
parents concerns their performance on the Vocabulary in Sentence task.  This was the 
most challenging of the vocabulary tasks, and so it is not surprising that it was the best 
predictor of analogical reasoning ability -- but only for Deaf children of Deaf 
parents.  This is because scores on this task were clustered at the low end of the scale for 
Deaf children of hearing parents, meaning that variability in test scores was so restricted 
that it could not explain variability in the analogies task.  It was the Synonyms task, 
which had a wide distribution of scores, which predicted analogical reasoning for Deaf 
children of hearing parents. 
 
This raises the important question of why Deaf children of hearing parents struggle on the 
Vocabulary in Sentence task, even when they perform relatively well on the simpler 
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vocabulary tasks.  It appears that barriers exist to higher-level language acquisition for 
Deaf children of hearing parents.  One of these barriers is that specific types of language 
input are necessary to cultivate the cognitive skills that lend themselves well to relational 
reasoning (Coppola & Henner, in prep).  Deaf children of hearing parents may be getting 
sufficient language input to succeed on simple vocabulary tasks, but not the kind of 
language which leads to success on the Vocabulary in Sentence task, and in analogical 
reasoning. 
 
The fundamental difference between the Synonyms task and the Vocabulary in Sentence 
task is that the latter is more exclusively a metalinguistic task, whereas the former also 
attests to breadth of vocabulary knowledge. Sameness is cognitively more difficult than 
finding an opposite, as in the Antonyms task (Hoffmeister, 1994). Even more cognitive 
and linguistic processing is necessary to examine whether or not a sign fits in any given 
context. Mastery of metalinguistic judgment is absolutely required to solve an analogical 
sentence.  When reading an analogical sentence, the meaning of the first analogs in the 
sentence have to be encoded and retrieved. Then understanding the relationship between 
the first analogs must be determined. At this point, a relationship can be inferred. The 
true value of the Vocabulary in Sentence task as a predictor of performance on the 
Analogies task is evident in that Deaf children of Deaf parents appear more likely to have 
a deeper and more varied set of metalinguistic skills than Deaf children of hearing 
parents. The main conclusion of this dissertation is that possession of an ASL vocabulary 
facilitates the development of language-based reasoning skills in Deaf children.  
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The results indicate first that a signed language like ASL can be used to develop 
language-based reasoning skills. Participants with better ASL skills, as measured through 
their performance on the vocabulary section of the ASLAI, were likely to perform better 
on a sign language analogies task. More importantly, the data show that having a larger 
vocabulary does not solely determine proficiency in reasoning. Knowing how to use the 
vocabulary in different contexts, and knowing what it means in different contexts appears 
to have more weight. Therefore, children with earlier access to signed language, and in 
richer contexts, perform much better on the Analogies task. 
 
Implications for Practice and Future Research 
The results of this dissertation showed how critical polysemic vocabulary knowledge, or 
knowledge of multiple meanings for the same word, and synonyms-based vocabulary 
knowledge is for the development of language-based analogical reasoning. Pizzo (2013), 
in her dissertation, described how teachers of the Deaf often do not directly teach ASL 
vocabulary and meanings. Instead, vocabulary instruction was provided by an ASL 
specialist who visited the classroom at least twice a week. Additionally, one teacher 
reported that she considered her students to be role models for language use, suggesting a 
lack of confidence in ASL knowledge and ability. Later in her dissertation, Pizzo 
discusses the anxiety the teachers feel about their lack of ASL vocabulary knowledge. In 
one passage, she explained how teachers made up vocabulary items if they didn’t know a 
direct one-to-one translation from English to ASL. The conclusions that can be drawn 
from Pizzo’s work are that there is neither meaningful instruction in polysemic ASL or 
synonyms-based vocabulary, nor is there an environment which can foster its 
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development. There needs to be adequate work on how to incorporate polysemic and 
synonyms-based ASL vocabulary into every day instruction in schools and programs for 
the Deaf. Additional attention needs to be given to sign language instruction for teachers 
and professionals working with the Deaf. 
 
Limitations 
This research is limited in several ways. First, while the student ratings are a good way to 
group Deaf children with disabilities, they do not provide enough details for granular 
analysis. For example, Student Rating 3 contains all Deaf children with a diagnosed 
learning disability. It does not provide any information on whether or not the learning 
disability is dyslexia or dyscalculia. Having either would possibly manifest in very 
different test results. Also, Student Rating 4 does not specify whether or not Deaf 
participants have mental challenges or how severe on the autistic spectrum participants 
display. Second, socioeconomic status (SES) was not one of the predictors in the 
regression analysis. SES has been shown to be a powerful predictor of vocabulary and 
literacy development in hearing children (Hoff, 2003; Stanovich, 1986). Research on 
bilingual vocabulary acquisition and literacy development in Spanish and English 
bilinguals show that SES predicts English literacy development; children from wealthier 
families are more likely to have better English literacy skills than children from poorer 
families (Howard et al., 2014). SES may play a similarly complicated role in the learning 
of ASL and language skills in Deaf children. The connection between SES and bilingual 
ASL/Print English will have to be explored in future research. Finally, there exists 
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research that suggests that strong syntactical foundations also promotes the development 
of higher order cognitive skills such as Theory of Mind and relational thinking skills. 
Knowledge of syntactical structures in Deaf children and its relationship to the 
development of analogical reasoning abilities will also be examined further in future 
research. 
 
Final Thoughts 
This research is important because it provides evidence on the relationship between 
vocabulary, vocabulary knowledge, and reasoning abilities in Deaf children. 
Furthermore, it helps Deaf educators understand how to best improve analogical 
reasoning abilities in Deaf children. The data show that understanding words in context, 
as well as showing Deaf children that words can have multiple meanings, lend 
themselves to sorting out relationships between different kinds of words. More 
importantly, this dissertation shows that Deaf children, provided access to a language in 
the visual modality, a signed language, can develop analogical reasoning skills. The 
prevailing thought among many researchers is that the absence of auditory stimulation 
changes the brains of many Deaf children; it robs them of their ability to develop good 
reasoning skills and thrive in an academic environment (Craig & Gordon, 1991). The 
results presented in this dissertation demonstrated that it is not the absence of auditory 
stimulation that stunts the growth of analogical reasoning skills in Deaf children, but the 
absence of language, particularly a signed language. Provided consistent access to a 
signed language, the analogical reasoning skills of Deaf children will improve with age, 
for those who have signed language at home, and for those who learned signed language 
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later, at schools. Given an assessment of analogical reasoning where language-based 
barriers have been removed by presenting the test through sign language, Deaf children 
not only will perform well, but also will do so stunningly.  
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Appendix A: Student Rating Checklist 
 
Student Rating Form for Research  
Thank you for agreeing to participate in this part of our project. We are interested in 
obtaining background information from people who work with the students we are 
testing. This information will help us determine the variables that we feel are connected 
to language knowledge, both L1 (ASL) and L2 (English), and learning in school. A major 
project aim is to identify variables that will help us predict which students may encounter 
difficulty in learning in their future.  
The following ratings apply to Deaf students who are participating in CSCD research: 
The scale is on a 1 to 4 basis. Please rate each student with a 1, 2, 3, or 4 rating based on 
the following: Level of student functioning:  
1  
 
Student is performing as expected in school.  
  
2  
Student is performing below average but is NOT DIAGNOSED with a specific 
learning, behavioral, or medical problem.  
For example:  
▪ Difficulty learning at same pace as peers.   
▪ Difficulty with memory   
▪ Difficulty sitting for as long as expected of same-aged peers.   
▪ Student is easily distracted.   
▪ Student demonstrates difficulty with either expressive or receptive language (in 
prevalent  language: ASL or spoken English)   
▪ Student demonstrates vision difficulties (ex. squints or leans forward to see)   
▪ Student has emotional reactions that interfere with learning.   
▪ Child’s performance is inconsistent and/or unpredictable.   
▪ Student has organizational challenges (of materials and/or producing 
information)   
▪ Student has difficulty interacting in age appropriate ways with staff and/or peers. 
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3  
Student is performing below average and is DIAGNOSED with having a learning 
disability. For example, the student is DIAGNOSED as having:  
• ADHD   
• Dyslexia: This language processing disorder can hinder reading, writing, 
spelling, and sometimes  even speaking.   
• Dyscalculia: Dyscalculia refers to a wide range of lifelong learning disabilities 
involving math.   
• Dysgraphia: Dysgraphia is a learning disability that affects writing, which can 
lead to problems  with spelling, poor handwriting, and putting thoughts on 
paper   
• Dyspraxia: Dyspraxia affects motor skill development. People with dyspraxia 
have trouble  planning and completing fine motor tasks. It is not a learning 
disability (LD) but often coexists  with other LDs and conditions that 
impact learning.   
• Executive functioning: Many people with LD struggle with executive function, 
which can make  activities like planning, organizing, strategizing, 
remembering details, and managing time and  space difficult.   
• Something else not on this list, please note in “additional comments” on 
spreadsheet.   
4  
  
Student is performing below average and is diagnosed with having at least one of 
the following: For example, the student is diagnosed as having:  
• Autistic Spectrum Disorder (ASD), Pervasive Developmental Disability (PDD-
NOS, Autism, Asperger’s)   
• Intellectual impairment   
o Eg. Low IQ score,  
o Low cognitive functioning, • Emotional Disturbance  
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